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1 Introduction 
 
Radical processes occur in many fields of chemistry; i.e. combustion and 
autoxidation, the atmosphere and pollution, biological and pathological chain 
reactions. Radical chemistry has become a valuable tool for the organic chemist, 
for solving various fundamental problems and also for the construction of complex 
molecules. The studies of free radicals (formation, structure, reactivity) since the 
beginning of the last century has lead to the integration of this chemistry into the 
repertoire of organic syntheses, from both the conceptual and methodological 
viewpoints1. 
    
Historically, it is generally accepted that the first stable organic radical was 
identified by Moses Gomberg in 19002, in the form of the “triphenylmethyl radical 
2” (Scheme 1.1) which marked the genesis of a new domain, “Radical Chemistry”, 
in the vast realm of organic chemistry3. Almost 30 years later, F. Paneth showed 
that simple alkyl radical could also exist4. 
Ag + AgClCl
Triphenylmethyl chloride 1 Triphenylmethyl radical 2
Scheme 1.1: Generation of triphenylmethyl radical
 
About four decades later, significant contributions to the development of this area 
were made by Hay, Waters5, and Kharasch6, who carried out elaborate studies on 
the mechanism of radical reactions. Hay and Waters studied the homolytic  
 
Theoretical Part 
 2  
 
phenylation of aromatic substrates while Kharasch performed experiments on the 
addition of hydrogen bromide to carbon-carbon double bond of allyl bromide. He 
showed that anti-Markownikoff addition (to give 1,3-dibromopropane) was a free 
radical chain process initiated by peroxides, whereas in the absence of peroxides, 
addition occurred via the usual ionic mechanism in the Markownikoff sense (to 
give 1,2-dibromopropane). Elaboration of this chemistry leads to of numerous 
synthetically useful free radical chain reactions. In spite of a clear understanding of 
the mechanistic background, radical reactions found little application in synthesis, 
largely due to the erroneous notion that they lack selectivity and are 
uncontrollable7.  
 
However, it was only in the mid of 1980’s that the synthetic potential of radicals 
emerged as a useful tool due to the pioneering work of Giese8, Barton9,10 and 
Curran11,12,13. Giese’s reductive addition of nucleophilic radicals to alkenes 
convincingly showed, that radical addition to alkenes does not always have to 
result in polymerization. The past decades have witnessed a dramatic resurgence 
of interest in the use of radical methodology which is attributed in large measure to 
conceptualization and demonstration by Stork14 that the controlled formation as 
well as the addition of radicals to alkenes offers a unique and powerful method for 
the construction of complex carbocycles. The first application of selective radical 
reactions in natural product synthesis appeared when Gilbert Stork15 synthesized 
Prostaglandin F2α 3 (Figure 1.1).  
HO
OH
COOH
OH
Figure 1.1 : (+)-Prostaglandin F2α  3
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Later on the synthesis of complex alkaloids such as Manzamine (Figure 1.2) by 
David Hart16,17 and triquinanes (Figure 1.3)18 by Curran confirmed the unique 
power of radical reactions in the field of natural product synthesis. 
N
N
H
N
N
N
N
H
N
HN
OH O
N
N
H
N
N
OH
R
O
Manzamine A Manzamine B Menzamine E    R = H
Menzamine F    R = OH
Figure 1.2 : Manzamine alkaloids
 
H
H
HOOC
H
H
O
O
H
H
O
O
O
OH
H
H
Hirsutene Hirsutic acid
Coriolin D9,12Capnellene
Figure 1.3 : Triquinanes
 
The insightful investigations of Julia19, Beckwith20,21, Ingold22 and others lead to a 
clear understanding of the structure and reactivity of carbon centered radicals and 
the innovative synthetic applications by Giese, Curran and Pattenden23 have 
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contributed significantly to the acceptance of radical methodologies as synthetic 
tools. Consequently synthetic organic chemists are now more confident in dealing 
with these reactions after realizing that they can be carried out in a precise and 
controlled manner. Today there is a wide spread appreciation of the potential 
offered by radical processes especially in the synthesis of structurally fascinating 
and biologically important natural products24. 
 
1.1 General Methods for the Generation of Radicals 
Organic synthesis using radical species requires efficient methods for the 
generation of free radicals. For the synthesis of radicals, a covalent bond can be 
cleaved homolytically into two parts, each fragment being a radical. Generally, the 
cleavage of the bond is achieved by the addition of energy in form of heat or 
irradiation25. Another widely applied method for the generation of radicals are 
redox-processes using single electron transfer. The general methods which are 
used for the generation of radicals are as follows: 
 
1.1.1 Generation of Radicals by Thermolysis 
A covalent bond is generally cleaved to its radical fragments of temperatures 
higher than 800oC. But covalent bonds with dissociation energies less than 30-40 
kcal/mol can be cleaved well below 150oC25. Mostly azo compounds26,27, 
peroxides28 or nitrite esters fit into this group. Therefore azo compounds, for 
example AIBN (2,2'-Azobisisobutyronitrile 4, Scheme 1.2) have been widely used 
as radical initiators in organic synthesis. AIBN is commercially available as a white 
crystalline solid with a half-life of 10h in toluene at 65oC29-30. 
31 kcal/mol
NC + N2
Scheme 1.2: Decomposition of azoalkane
N N
CN
CN
2
4
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1.1.2 Generation of Radicals by Photolysis 
Photolysis can be used to achieve homolytic fission. For example, azo compounds 
dissociate into radicals via the unstable cis isomers generated by the absorption of 
light (Scheme 1.3)31 and peroxide 5 produces acyloxy radicals 6 and alkyl radicals 
as cleavage products upon absorption of light (Scheme 1.4)32. 
N N
CN
NC
N N
CNNC
NC2 + N2
hυ
Scheme 1.3: Photochemical decomposition of AIBN
4-Trans 4-Cis
O O
R
O O
R R
O
O
2
R= Ph or CH3 R= Ph or CH3 R + CO2
Scheme 1.4: Decomposition of diacyl peroxide
5 6
 
1.1.3 Generation of Radicals by Radiation 
When organic molecules are exposed to high energy radiation, such as X-rays or 
γ-radiation, free radicals are produced. Because of the high energy supplied, the 
reactions are often complex and unselective. The basic mechanism involves 
electron abstraction and the formation of a radical cation. Bromotrichloromethane 
7 (Scheme 1.5), for example, is a source of ·CCl3 radicals using this 
methodology33,34. 
BrCCl3
High energy
BrCCl3 CCl3radiation
Scheme 1.5: Radical production by radiation
7
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1.1.4 Generation of Radicals by Redox Processes 
Radicals can be smoothly generated, often even at room temperature or below, by 
reductive or oxidative cleavage of covalent bonds. Addition of a third electron to a 
bond (via the antibonding molecular orbital) or removal of an electron from a bond 
sharply weakens the bond and greatly facilitates cleavage. Redox reactions are 
carried out by electrochemical methods or by using metal salts35. The Kolbe 
reaction (Scheme 1.6)36 is a well known method which involves the generation of 
radical by means of electrochemistry. 
2RCO2- 2RCO2 2R
-2CO2-e-
Scheme 1.6: Kolbe reaction
R R
 
The last decades have also seen the emergence of transition metal-promoted 
radical reactions as a useful alternative to the stannane-based radical chemistry 
largely due to the pioneering efforts of Kharasch, Kochi, and Minisci who showed 
that carbon centered radicals may be generated using transition metal 
complexes35,37. Transition metal-promoted reactions of carbon centered radicals 
may be divided into two categories:  
(A) Reactions of radicals generated by a reductive processes and 
(B) Reactions of radicals generated by oxidative processes. 
 
A. Reductive Process: 
In this process metal salts act as a reductant which generates the radical by 
transfer of an electron to the radical precursor such as carbonyl groups 37. As 
shown in Scheme 1.7, the carbonyl compound undergoes Pinacol coupling 
reactions in the presence of SmI238.  
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Lm Mn + C C
X     = leaving group
Lm  = Ligand
M    = Transition metal
Scheme 1.7:  Radical formation by reductive process
X + Lm Mn+1X
R
O
R
SmI2
SmI2
R
OSm(III)
R
H+
H+
Pinacol coupling reaction by SmI2
R
OSm(III)
R
R
Sm(III)O
R
OSm(III)
R
R
R
OH
R
OH
R
R
 
 
B. Oxidative Process: 
Very often metal salts are used as oxidants in this process involving the 
generation of radicals by an electron transfer from either a (electron rich) double 
bond or an organometallic reagent (Scheme 1.8)37. 
Lm Mn+ C C
XH
C C
XH
C C
X
Lm M(n-1)+
+ + H+
Lm Mn+ + C Z
Lm M(n-1)+
C Z+
X    = Hetero atom
Z     = Main group metal
Lm  = Ligand
M    = Transition metal
Scheme 1.8:  Radical formation by oxidative process
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In particular, oxidative methods, mediated by metal salts with adjacent stable 
oxidation states like those of Mn(III)39, Ce(IV)3, Cu(II)37, Fe(III)24  have received 
considerable attention. These oxidative methods have been used very often for 
the generation of carbon-carbon bonds by either intermolecular or intramolecular 
addition to alkene. Here I am giving a brief discussion of these single electron 
oxidants. 
 
1.1.4.1 Manganese(III) - Mediated Radical Reaction 
Manganese(III)-mediated radical reactions have become a valuable method for the 
formation of carbon-carbon bonds over the past thirty years.  
O
CO2Me
RH
O
R
CO2Me
MnIII
O
R
CO2Me
O
R
CO2Me
H
O
R
CO2Me
H
O
R
CO2Me
H
H
Mn(OAc)3
AcOH
R=Me
R=H
Solvent
or 8
20-50oC
8a, R=H
8b, R=Me
9 10
11 12 13a (71%)
13b (56%)
Scheme 1.9: Oxidative radical cyclization by Mn(III)
 
An example is the oxidative cyclization of the unsaturated β-keto ester 8a 
(Scheme 1.9) with Mn(OAc)3 via radical 10 which affords a complex mixture of 
products. One reason for this being that primary and secondary radicals such as 
12 are only slowly oxidized by Mn(III) leading to undesired reactions of 12. Heiba 
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and Dessau40,41 found that Cu(OAc)2 oxidizes secondary radicals 350 times faster 
than Mn(OAc)3 does and that the two reagents can be used together. 
Presumeable Cu(OAc)2 reacts with radical 12 in scheme 8 to give a Cu(III) 
intermediate that undergoes reductive elimination to yield 71% of 13a42,43.  A 
similar oxidative cyclization of 8b affords 56% of 13b as the major product. 
 
The mechanism of oxidation of monocarbonyl substrates with Mn(OAc)3·2H2O has 
been extensively studied. Fristad and Peterson44,45 showed that the rate 
determining step in the oxidation of acetic acid by Mn(OAc)3·2H2O (Which is 
actually an oxo-centered triangle of three Mn(III) center) is the loss of a proton 
from the complexed acetate such as 14 to give 15 (Scheme 1.10)46,47, whilst the 
following single electron oxidation to radical 16 is a fast process. 
MnIII O
C
OMnIII
O CH3MnIII
-H+
Slow MnIII O
C
OMnIII
O CH2MnIII
MnII O
C
OMnIII
O CH2MnIII
H2C
R
MnII O
C
OMnIII
OMnIII R
Fast
14 15
1617
Scheme 1.10: Mechanism for oxidation of monocarbonyl substrate
 
1.1.4.2 Cerium(IV)- Mediated Radical Reactions 
Among the various cerium(IV) complexes48,49, cerium(IV) ammonium nitrate 
(CAN)50 is an excellent reagent for effecting a wide array of synthetic 
transformations. Its solubility in organic solvents such as  methanol and 
acetonitrile, low toxicity, ease of handling, and profound reactivity have contributed 
to the general acceptance of CAN as a reagent of choice for single electron 
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oxidations.  Vijay Nair3,49 and his group have performed several intermolecular 
carbon–carbon bond forming reactions via radicals using this reagent. Early 
applications of CAN in C-C bond-forming reactions were developed for the radical 
addition of easily enolizable compounds like 19 to arenes 18 (Scheme 1.11, entry1 
and 2)51-52. The intermediate cyclohexadienyl radicals are oxidized to cations by 
CAN and afford the substitution products 20 and 21 after deprotanation. However, 
the disadvantages of such reactions are the moderate yields and regioselectivities 
observed. More recently, cerium(IV)-mediated radical reactions were extended to 
addition to alkenes. One of the many examples from the pioneering work of Nair et 
al. is the addition of dimedone 22 to the cyclohexene derivative 23 (Scheme 1.11, 
entry 3) which lead to the dihydrofuran derivative 24 in excellent yield53.  
Surprisingly to date CAN-mediated intramolecular reactions remain virtually 
unexplored.  
CO2Me
CO2Me
CO2Me
CO2Me
R CH3NO2
CAN
CAN
MeOH, 20oC
53%
MeOH, 20oC NO2
+
+
+
R
O
O
O
Ph
MeOH, 0oC
98%
CAN
Ph
O
18a 19a 20
18a  R=H
18b  R=Me
21a    R=H       55%
21b    R=Me    99%
 o    :     m     :   p
57   :     19    :   24
22 23 24
Scheme 1.11 : CAN-mediated intermolecular carbon-carbon bond
                         forming reactions
1.
2.
3.
19b
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1.1.4.3 Iron(III)-Mediated Radical Reactions 
Like cerium(IV), iron(III) salts can be used to oxidized electron-rich molecules by 
single electron transfer to the corresponding radicals. Early applications are the 
oxidation of aromatic compounds, which undergo C-C bond formation to dimeric 
products. Because of their electronic properties, methoxy substituted arenes 25 
are most reactive. Iron(III) chloride supported on silica was the reagent of choice 
for their oxidation, leading to inter and intramolecular coupling products 26 in good 
yields (Scheme 1.12)54. 
OMe
OMe
CH3
FeCl3, SiO2
CH2Cl2, 25oC
95%
OMe
MeO
H3C
CH3
OMe
OMe
25a 26a
Scheme 1.12: Iron-mediated oxidative coupling of arenes
2
OMe
OMe
FeCl3, SiO2
CH2Cl2, 25oC
95%
OMe
OMe
25b 26b
 
More recently, the generation of radicals from malonates 27 in presence of iron(III) 
salts and a following addition to alkenes 28 was realized55. Later on, Jahn56,57,58 
and his group have reported on the oxidative cyclization of malonate enolates by 
using ferrocenium hexafluorophosphate 32 as a single electron oxidant (Scheme 
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1.13). This is a very convenient reagent for the predictable single electron 
oxidation of enolates as well as for the oxidation of certain radicals. 
 
R
CO2Et
CO2Et
Ph Fe(ClO4)3
DMF, 20oC O
O
Ph
EtO2C
R
R = H               75%
R = Me             91%
R = n-Bu          90%
R = (CH2)3Ph   90%
27 28
29
CO2Et
CO2Et
Ph
Ph
1. LDA
DME, -78oC
64%
OPh
Ph
CO2EtH
O
Scheme 1.13:  Iron(III)-mediated generation of radicals from malonates
30 31
2. Fe PF6
32
 
 
1.1.4.4 Copper(II)-Mediated Radical Reactions. 
Copper(II) salts are efficient single electron oxidants for the generation of radicals 
from lithium enolates. This concept was applied for the oxidative coupling of 
ketones (33 and 35) to afford the respective 1,4-dicarbonyl compounds (34 and 
36) in good yield (Scheme 1.14)59. The pioneering work of Snider et al. 
demonstrated that similar copper(II)-mediated radical reactions can be applied in 
natural product synthesis. For example, the oxidation of silyl enol ether 37 by 
copper(II) triflate generates an electrophilic radical 38, which undergoes 5-exo-trig 
cyclization to the intermediate 39. Further oxidation of 39 to a cation or direct 
attack on the aromatic ring affords the tricyclic ketone 40 in excellent yield and 
good stereoselectivity (Scheme 1.15)60.  
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Ph
O
CH3
1.  LDA
2.  CuCl2
THF, -78oC
95%
Ph
O
O
Ph2
Scheme 1.14: Copper(II)-mediated oxidative coupling of 
                     carbonyl compounds
33 34
O O
1.  LDA
2.  CuCl2
THF, -78oC
73% 2
35 36
 
OTBDMSH3C
CH3
CH3
Cu(OTf)2
CH3CN, 0oC
OH3C
CH3
CH3
OH3C H
H
OH3C
H3C CH3
H
H
OH3C
H3C CH3
H
H
+
37
38
39 40a 40b
76      :      24
90%
Scheme 1.15: Copper(II)-mediated tendem reaction of silyl enol ether 37
H3C CH3
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Compared to iron(III), copper(II), manganese(III), and cerium(IV) other metals 
have found less application for the oxidative generation of radicals.  
 
Whilst in all these reactions enoles and enolates are oxidized, less is known about 
the single electron oxidation of enamines. These will be the topic of the thesis and 
are discussed in the following chapter. 
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2 Objectives of the Thesis 
 
In spite of the tremendous advances in free radical chemistry in recent years, the 
area of radical reactions of enamines has remained relatively unexplored. So far 
there have been very few reports of radical reactions of enamines which is 
reflected in the fact that none of the standard books of free radical chemistry61 or 
the chemistry of the enamines62 has dealt with this topic.  
 
Recently, Narasaka and his group have shown that enamines can be oxidized to 
radical cations using metal salts63. They have reported that, the cation radicals of 
enamines generated by the oxidation with Ce(IV) compounds react with electron-
rich olefins to give the addition products (Scheme 2.1).  
N
O
But
+
OTBDMS
Ph
2 CAN
CH3CN, 
0.5h, -45oC
CAN = (NH4)2C2(NO3)6
TBDMS = ButMe2Si
But
O
O
Ph2
41 42 43 (63%)
Scheme 2.1: Intermolecular reactions of enamine with alkene
 
The mechanism of this reaction was reported as shown in scheme 2.2.  In the first 
step, enamine 41 is oxidized to cation radical 44 by treatment with CAN, the 
former adds intermolecularly to the silyl enol ether 42. The resulting α-siloxy 
radical 45 is further oxidized by CAN to the cation 46 and then 1,4-diketone 43 is 
formed eventually with the elimination of a silyl cation. 
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N
O
But
N
O
But
N
O
But
N
O
But
CAN
-e-
Ph
OTBS
N
O
But
Ph
OTBS
CAN
-e-
-TBDMS+
H3O+
But
O
O
Ph
Scheme 2.2: Mechanism for the generation of radical cation by CAN
44 45
46 43
41
42
 
Janine Cosey and co-worker have reported on Mn(III) based radical reactions of 
the enamines of unsaturated β-keto carboxamides yielding lactames and 
spirolactames64 (Scheme 2.3). The reactions proceed via a similar mechanism as 
the one in scheme 2.2. 
N
N O
R
K2CO3, EtOH
N
O
O
R
47a   R = Allyl
47b   R=  Me
48a  (42%)
48b  (32%)
N
N O
R
47c   R = Allyl
47d   R=  Me
Mn(OAc)3
48c    (34%)
48d    (26%)
K2CO3, EtOH
Mn(OAc)3
Scheme 2.3: Spirolactams from tertiary β-carboxamido enamines
N
O
O
R
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T. Chiba et al. have reported that electrochemical oxidation of enamines 
predominantly takes place at 0.3-0.5 V65.  For examples, enamines 1-(N,N-
dimethylamino)cyclohexene 49 and 2,5-dimethyl-1-(N,N-dimethylamino) 
cyclohexane 50 have oxidation potentials of 0.42 and 0.38V (sce) respectively66. 
Also, M. Schmittel and A. Langels have reported the oxidation potential of enol 51 
and enolate 52 as 0.52 and -0.21 V (sce) respectively67 (Figure 2.1).  
N
Me Me
N
Me Me
49
50
Fc
OH
Fc
O
52
Figure: 2.1
51
Fc = ferrocene
 
As the oxidation potential of enamines lies in between that of enols and enolates, 
enamines appear to be promising substrates for the generation of radicals by 
single electron oxidation. Furthermore, the oxidation of enamines can be easily 
carried out by using metal salts as discussed below. 
 
2.1 Generation of Radical Cations from Enamines using Metal 
Salts 
Enamines can undergo oxidation using a single electron oxidant to give cation 
radicals which have the two resonance structures 54 and 55 (Scheme 2.4) this 
indicates that the cation radical could principally react at the carbon center as well 
as at the nitrogen center68.  
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NR2
R1 R3
R2 NHR2
R1 R3
R2 NR2
R1 R3
R2
Product
Scheme 2.4: Radical cations from enamines
53 54 55
 
However, till date only reactions at the carbon center of these radical cations have 
been reported. It would be interesting to find out, whether reactions at the nitrogen 
center of enamine derived radical cations are possible too and whether general 
synthetic procedures involving these radicals can be developed. The answers to 
these two questions are the objectives of this thesis. 
 
2.2 Objective of the Thesis  
I will therefore study the single electron oxidation reactions of enamines, leading to 
radical cations, which I want to add to olefins.  
 
In order to achieve my target, I have chosen three general substrates 56, 57 and 
58 (Figure 2.2) each of which could lead in an intramolecular radical reaction to 
different synthetically useful types of products. 
R1 N
R2
R3
57N R
R
R2
R1 58
N
R1
R
56
Figure 2.2 : General structures of enamines selected for cyclization reactions
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The anticipated mechanism for the preparation of different hetro-and carbocyclic 
compounds from these three enamines are as discussed separately below.  
 
2.2.1 Proposed Mechanism for Cyclization of Enamines of Type 56 
The first step of the proposed reaction involves the generation of a radical cation 
from enamine 56 by treating it with a suitable single electron oxidant (Scheme 
2.5). As this radical cation has two resonance structures 59a and 59b two 
following addition reactions are principally possible. The intramolecular addition of 
the nitrogen center radical 59a to the terminal carbon-carbon double bond will lead 
to the five membered heterocyclic intermediate 60a, whereas, intramolecular 
reaction of the carboned center radical 59b will form a seven membered 
heterocyclic intermediate 60b. Here we expect that kinetically more likely 
formation of the five membered cyclic compound 60a should be favored over the 
seven membered cycle 60b.  
N
R
N
X
R
N
R
N
R
N R
56
59a 59b
60a
Scheme 2.5: Proposed mechanism for cyclization of enamine 64
(MXn = Single electron oxidant)
X
R1
R1 R1
R1R1
60b
5 or 7- membered 
heterocyclic compound
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2.2.2 Proposed Mechanism for the Cyclization of Enamine of Type 57 
The radical cation 61 generated from enamine 57 could cyclize to a five 
membered hetero-cyclic intermediate 62. This intermediate could further undergo 
oxidation to yield 63. In a following step, the iminium ion formed might for example 
be reduced by NaBH4 or react with a Grignard reagent to give the final products. 
R
N
R
R
N
R
R
N
R
NR
R
N
R
R
X
MXn
57
61a 61b
62
63
Scheme 2.6: Proposed mechanism for cyclisation of enamine 57
Product
X
 
2.2.3 Proposed Mechanism for the Cyclization of Enamine of Type 58 
The enamine 58 could be used to prepare a carbocyclic compound rather than a 
heterocyclic one as was the case for enamine 56 and 57. The mechanism 
proposed for the cyclization of this enamine is shown in scheme 2.7. 
 
Here, the radical cation 64 obtained from 58 should attack the C-C double bond 
intramolecularly to give the cyclic intermediate 65. Again this imminuim ion can be 
further reacted for example with NaBH4 or Grignard reagents leading to five 
membered saturated cyclic products. 
 
 
Theoretical Part 
 21  
 
N
R
R
R2
X
N
R
R
R1
R2
R1
N
R
R
R2
R1
N
R
R
R2
R1
58
64a 64b
65
MXn
(MXn = CuCl2, Cu(OAc)2, MoCl5 etc.)
Scheme 2.7 :  Proposed mechanism for cyclization of enamine 58
Product
 
The preparations of these enamines as well as their reactions with suitable 
oxidants are discussed in the following chapters. 
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3 Radical cyclization of different enamines 
 
3.1 First Approach Towards Cyclization of Enamine of Type 56 
Enamine 56 (Figure 3.1) was chosen as a suitable starting compound in order to 
synthesis five- and seven membered heterocyclic compounds. It can be easily 
prepared in few steps which includes:  
1. Reaction of acid with thionyl chloride to form an acid chloride 
2. Preparation of an amide from the acid chloride 
3. Reduction of the amide by lithium aluminium hydride 
4. Reaction of the so obtained secondary amine with an aldehyde to form the 
desired enamine. 
N
R
56
R1
Figure: 3.1
 
 
3.1.1 Reactions of Acid with Thionyl Chloride to form Acid Chloride 
O
OH
O
Cl
O
NHC4H9
66 67
68
(77%, 2 steps)
Scheme 3.1 : Synthesis of (E)-N-butylhex-4-enamide 68
a) SOCl2, 0oC
b) n-C4H9NH2, 0oC
a b
 
The first reaction performed, was the conversion of (E)-hex-4-enoic acid 66 into 
the acid chloride 67 (Scheme 3.1). For this reaction, thionyl chloride69 proved to be 
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the most suitable reagent, since the byproducts are gases and the acyl halide can 
be easily isolated. However, PCl3 and PCl5 are also commonly used for this 
purpose70. Since the reaction was very clean, I used the crude product without any 
further purification to carry out the next step which was the conversion of this acid 
chloride 67 to the corresponding amide 68. 
 
3.1.2 Preparation of the Amide from the Acid Chloride 
The treatment of acyl halides with amines is a general reaction for the preparation 
of amides71-72. The reaction is highly exothermic and must be carefully controlled, 
usually by cooling or dilution. In the Schotten-Baumann procedure, aqueous alkali 
is added to neutralize the liberated HCl73. In general, primary amines give N-
substituted amides and secondary amines give N,N-disubstituted amides. Thus 
reaction of 67 with n-butylamine gave amide 68. After these two steps, the amide 
was isolated in an overall yield of 77%. The next step was the reduction of amide 
to the corresponding amine.  
 
3.1.3 Reduction of Amide by Lithium Aluminium Hydride 
O
NHC4H9
68
Scheme 3.2 : Synthesis of  (E)-N-butylhex-4-en-1-amine 69
NHC4H9
LiAlH4, THF
69(95%)
 
Amides can be reduced to amines with lithium aluminium hydride (LiAlH4) or by 
catalytic hydrogenation, though high temperature and pressure are usually 
required for the later74. Sodium borohydride (NaBH4) by itself does not reduce 
amides, though it does so in presence of certain other reagents75,76,77 including 
iodine78. Borane79,80,81  and sodium in 1-propanal82  are also good reducing agents 
for all types of amides. But above all till today, LiAlH4 is most widely used for 
reductions of amides. 
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When amide 68 was reduced with LiAlH4 in THF, the secondary amine 69 was 
formed in 95% yield (Scheme 3.2). This reaction was little exothermic and 
produced an excellent yield of the required secondary amine.  
 
3.1.4 Reaction of the Secondary Amine with Aldehydes to form 
Enamines 
The last step in the preparation is the formation of enamines 56. In general, the 
most versatile method for preparing enamines involves the condensation of 
aldehydes or ketones with secondary amines. Initially, Mannich and Davidsen 
discovered that the reaction of secondary amines with aldehydes in presence of 
potassium carbonate and at temperatures near to 0oC gave enamines, whereas 
calcium oxide and elevated temperatures were required to cause reaction between 
ketones and secondary amines, furthermore in poor yields83. The removal of water 
produced in the condensation by azeotropic distillation with benzene by Herr84-85 
and Hey86-87 made the facile preparation of enamines from ketones and 
disubstituted aldehydes possible. A number of modifications of this general 
method have been published67-68. Benzene may be replaced by toluene or xylene 
to give reasonable rates of reaction62.  An acid catalyst, like p-toluene sulfonic 
acid110-111,88, Dowex-5089, boron trifluoride etherate90, or even acetic acid91,  can 
be employed for the normal condensation otherwise (when uncatalysed) the 
reaction is slow.  
 
To synthesize an enamine from amine 69, three attempts were made, using 
acetaldehyde, propionaldehyde and iso-butyraldehyde as shown below (Scheme 
3.3).   
 
Theoretical Part 
 25  
 
N
56a
NHC4H9
CH3CHO,
p-TsOH, CH2Cl2
69
Scheme 3.3 : Synthesis of enamine of type 56 from 69
NHC4H9
69
N
56b
CH3CH2CHO,
p-TsOH, CH2Cl2
NHC4H9
69
N
56c
p-TsOH, CH2Cl2
(45%)
(CH3)2CHCHO
 
Even though, the preparation of enamines by this method is well-known, the 
reaction with acetaldehyde and propionaldehyde was found to be problematic and 
did not lead to the desired enamines. An explanation for this may be, the low 
boiling point of these compounds as well as competing aldol reactions. In order to 
overcome this problem, finally I have chosen iso-butyrladehyde which is having a 
higher boiling point than the other two aldehydes. Furthermore, for the steric 
reasons it is less likely to undergo aldol-type reactions in this course of enamine 
synthesis. This reaction showed positive results in the formation of the 
corresponding enamine (56c), which was obtained in 45% yield. Even though the 
yield of this reaction was only moderate, it was sufficient to gain enough enamine 
56c for testing the final cyclization reaction. 
 
3.1.5 Cyclization of Enamine 56c  
After having synthesized the required enamine, the next task of the project was to 
find out which single electron oxidant would lead to the desired product. In order to 
achieve the cyclization, I have selected several single electron oxidants such as 
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CuCl2, Cu(OAc)2, (NH4)2Ce(NO3)6 (CAN), MoCl5 and Fe(C5H5)2PF6. Unfortunately, 
none of the reactions gave a cyclized product which might be due to the steric 
hindrance of the isopropyl group. 1H-NMR analysis showed that only the hydrolysis 
product i.e unsaturated amine 69 was formed as shown in scheme 3.4.   
Scheme 3.4: Attempts for the cyclization of enamine 56c
N
56c H
N
N
N C4H9
C4H9
C4H9
+
MXn
MXn = CuCl2, Cu(OAc)2, CAN, Fe(C5H5)2PF6, MoCl5
70 71
69
 
As the enamines with reduced steric hindrance (i.e 56a and 56b) are not 
accessible, I turned my attention to cyclizations of other enamine- types. 
 
3.2 First Approach Towards Cyclization of Enamine of Type 57 
The problems occurring in the synthesis of enamine 56c and in its attempted 
cyclization, created several questions, which had to be considered before 
synthesizing enamines of type 57 as the next starting material. These were: 
• Choice of the starting secondary amine; 
• Choice of the aldehyde; both in terms of 
• Stabilization of the intermediate radicals. 
After considering all these points, I decided, that an enamine like shown in figure 
3.2 will be suitable for my reactions. 
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R1 N
R2
R3
57
Figure : 3.2
R1 = phenyl 
R2 = H, alkyl  
R3, R4 = H, alkyl
R4
 
 
In this case R1 was selected as phenyl group, because the presence of a phenyl 
group in the system always helps to trace the reactant or product by using UV 
light. In addition, the benzylic-moiety can easily be removed after the cyclization. 
The next task was the selection of a suitable aldehyde (R2 group), as the steric 
hindrance at this position should be avoided.  If R2 is a phenyl group, then the 
intermediate radical will be better stabilized due to delocalization into the aromatic 
system. In such case, chances of further intramolecular cyclization by addition to 
the alkene will be reduced. In order to avoid this situation I have decided R2 to be 
either hydrogen or any alkyl group. Similarly, R3 and R4 can be any functional 
group as they will not play an important role as long as the cyclization is 
irreversible. This type of starting material can be easily prepared in three simple 
steps: 
 
1. Reaction of an aldehyde with a primary amine to generate an imine. 
2. Reduction of the imine with NaBH4 to get a secondary amine 
3. Reaction of the secondary amine with an aldehyde/ketone to from an 
enamine. 
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3.2.1 Reaction of an Aldehyde / Ketone with a Primary Amine to form 
an   Imine 
O
H H2N
Na2SO4,
CH2Cl2, rt
N
Scheme 3.5: Preparation of (E)-N-benzylideneprop-2-en-1-amine
72 73 74
+
 
 
Imines, which are also called “Schiff Base”, can be easily prepared by the reaction 
of an aldehyde or ketone with a primary amine92-93. In general, ketones react more 
slowly than aldehydes, and higher temperatures and longer reaction times are 
often required94-95. The reaction of an aldehyde with an amine can be carried out 
under mild conditions.  
 
In this case I have treated benzaldehyde 72, with allyl amine 73 at room 
temperature overnight to obtain (E)-N-benzylideneprop-2-en-1-amine 74 (Scheme 
3.5). This very clean reaction gave a single product. Therefore, without further 
purification, reduction of the imine was carried out to achieve secondary amine 75. 
 
3.2.2 Reaction of the Imine with Sodium Borohydride  
N
74
N
H
75
NaBH4,
MeOH, 0oC
90%
Scheme 3.6: Preparation of  N-benzylprop-2-en-1-amine 75
 
Imines and other C=N compounds can be reduced with LiAlH4, NaBH4, Na-EtOH, 
hydrogen and a catalyst, as well as with other reducing agents96-97.  However, 
reduction with NaBH4 is one of the best methods till today, because of its mild 
reaction conditions and simple work-up compared to LiAlH4 reductions. 
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The reaction was carried out at 0oC and gave the corresponding secondary amine 
75 in 90% yield over two steps (Scheme 3.6).  The amine obtained was further 
subjected to react with another aldehyde or ketone in order to obtain the required 
enamine of type 57. 
 
3.2.3 Enamines 57 from the Condensation of Aldehyde and Ketones 
with Secondary Amines 75. 
I have tried to synthesize different enamines (57a-57d) from 75 as shown below, 
in scheme 3.7.  
N
H
N
Et
N
H
N
H
N
N
p-TsOH
p-TsOH
p-TsOH
DCM, Δ
79%
DCM, Δ
Toluene, Δ
70%
N
H
O
O
O
O
p-TsOH
Toluene, Δ
N
Ph
+
+
+
+
Scheme 3.7: Synthesis of enamine of type 57
75
75
75
75
76
77
78
79
57a
57b
57c
57d
 
Disappointingly, no enamine was isolated when amine 75 was treated with n-
butanal and 2-phenylacetaldehyde, which again is most likely due to the following 
aldol reactions. However, I was successful to prepare enamines 57c and 57d from 
iso-butanal and cyclopentanone respectively in good yield.  
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After having synthesized the required enamines, the aim was to study, whether it 
is possibile to oxidize and then cyclize these enamines via their corresponding 
radical cations. 
 
3.2.4 Attempts for Intramolecular Cyclization of Enamines 57c and 57d   
The alkyl-type radicals formed from enamines 57c and 57d by single electron 
oxidants should add intramolecularly to C=C bonds which is energetically 
favorable and is widely utilized in radical cyclization reactions98.   
N
57c
  1. MoCl5,
 2. NaBH4,
N
81 Cl
CH2Cl2, 0oC
MeOH
(57 %)
Scheme 3.8: First attempt for cyclization of enamine 57c
N
57c
1. MXn
2. NaBH4, MeOH, 0oC
No cyclization product
MXn = CuCl2, Cu(OAc)2, Mn(OAc)3,
               Fe(C5H5)2, CAN
N
57d
1. MXn
2. NaBH4, MeOH, 0oC
No cyclization product
 2. NaBH4,
CH2Cl2, 0oC
MeOH
  1. MoCl5,
N
Cl
80
 
Thus several attempts were made, in order to achieve an intramolecular 
cyclization of enamines 57c and 57d. Both these enamines were subjected to 
react with different single electron oxidants such as CuCl2, Cu(OAc)2, 
Fe(C5H5)2PF6, Mn(OAc)3, MoCl5, CAN (Scheme 3.8). In case of enamine 57d, not 
a single reaction allowed the isolation of products other than the starting material 
and its hydrolysis products. The reactions of 57d with Cu(OAc)2, Mn(OAc)3, and 
CAN mostly gave hydrolysis products of the enamineas well, whereas, with CuCl2, 
MoCl5 and Fe(C5H5)2PF6 several open chain oxidation products were formed, but  
not further purified. Similarly, when 57c was reacted with the oxidants mentioned 
above, only hydrolysis product were obtained, but no cyclizations occurred. Only 
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with MoCl5, as the oxidant a new product was obtained. Through 1H-NMR and 13C-
NMR analysis it was deduced that only the C-C double bond of the enamine was 
oxidized, leading to compound 81 in 57% yield after NaBH4 reduction. 
 
The mechanism proposed for the formation of 81 is as shown in scheme 3.9.  
N
57c
  MoCl5,
N
81 Cl
CH2Cl2, 0oC
MeOH
N N
NN
N
Cl
N ClCl MeOH
N
Cl
80
82a 82b
82b 83
84
 NaBH4
 NaBH4
82b
Scheme 3.9 :Proposed mechanism for the formation of  compond 81
 
It proceeds via the generation of the desired cation radical having two resonance 
structure 82a and 82b.  It was expected that this radical would undergo further 
addition to the terminal double bond to give the five-membered heterocyclic 
compound with a primary radical 83. This radical was then supposed to get 
trapped by the oxidant, followed by reduction of the imminuim ion, leading to the 
desired product 80. But due to the stability of the tertiary radical in 82b compared 
to the primary radical in 83, the intermediate 82b seems to be too unreactive as 
this got trapped by the oxidant to give the unexpected chlorinated product 81. 
To overcome these problems, two changes were made in the starting material. 
1. Attempts are made to synthesize a starting enamine in which the terminal 
double is highly substituted, thereby stabilizing the radical generated after 
cyclization as in the case of enamine 57e  (Figure 3.3). 
2. In another approach I tried to synthesize a less substituted enamine such 
as 57f. This enamine will be more reactive than the 57c or 57e, because 
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the primary radical generated before the desired cyclization will be more 
reactive (Figure 3.3). 
N Ph
57e
Ph
N Ph
57f
Ph
Figure: 3.3
 
However, the attempts towards the synthesis of these two enamines proved futile. 
Therefore, I abandoned this method and proceed further with enamine 58. 
 
3.3 First Approach Towards Cyclization of Enamines of Type 58 
Since all the attempts to convert enamines of type 56 and 57 into cyclic products 
failed, I decided to carry out similar experiments using enamines of type 58 as 
shown below (Figure 3.4).  
NR2
R1
58
Figure : 3.4
 
As discussed in chapter 2.2.3, the main aim of these reactions was to generate a 
five membered carbocyclic compound by treating the enamine with different single 
electron oxidants. To proceed with this strategy, I have selected enamine 85 as a 
first model compound. Since, this enamine can be easily prepared in one step 
from commercially available citronellal. 
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3.3.1 Reaction of Diethylamine with Citronellal to form Enamine 85  
NO
71%
Scheme 3.10: Synthesis of (E)-N,N-diethyl-3,7-dimethylocta-1,6-dien-1-amine 85
86 85
Conditions: a) HN(CH2CH3)2, p-TSOH, CH2Cl2, -H2O
a
 
The synthesis of unsaturated enamine 85 turned out to be relatively simple. Here, 
citronellal 86 was treated with diethyl amine in presence of p-toluenesulfonic acid, 
which acts as a catalyst to obtain enamine 85 in good yield (Scheme 3.10). The 
water formed during the reaction was removed by azeotropic distillation. 
  
Enamines are very unstable, even traces of water are sufficient to lead to partial 
hydrolysis, especially in presence of traces of acids. In order to obtain the pure 
enamine for CHN analysis, several purification methods were tried out, such as 
column chromatography, distillation or preparative gas chromatography, but none 
of these methods was successful. The hydrolysis product was always present in 
traces when the purification was performed by using column chromatography and 
preparative gas chromatography. Whereas, in case of distillation traces of 
diethylamine contaminated the final product. Although, these samples were not 
suitable for combustion analyses, they were sufficiently pure for the following 
reactions. 
 
3.3.2 Photoinduced Cyclization of Enamine 85 
Photoinduced electron-transfer reactions of organic compounds have been 
extensively investigated for the last two decades99. Until now these photoinduced 
redox cyclizations have been applied successfully for the synthesis of 
cyclopentanoids100-101, alkoloids102, iridoides103 and furofuranic systems104. Such 
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type of reactions are mostly carried out by using catalyst such as 9,10-
dicyanoanthracene (DCA) or 1,4-Dicyanonapthalene. Under photochemical 
conditions, these catalyst act as a better oxidant as well as reductant in their 
excited state. When enamine 85 was subjected to photochemical reaction using 
DCA, an aldehyde 87 was obtained as a major product in 24% yield (Scheme 
3.11).  
N
O
H
hν, 0.1mmol DCA
CCl4, 2h
Yield: 24%
85
87
Scheme 3.11: Photoinduced cyclization of enamine 85
Mechanism
DCA DCA*     + Enamine 85 NDCA +
NDCA +
H
N
87
H+
hυ
88
89 90
 
Here in the first step, DCA undergoes excitation to form DCA* under 
photochemical condition. The later, being an electron deficient species, oxidizes 
enamine 85 thereby generating radical cation which undergoes intramolecular 
cyclization to form the radical intermediate 88. This intermediate is reduced by 
DCA- to form the anion 89 which undergoes 1, 3-proton abstration to form the 
enamine 90. Further hydrolysis of this enamine leads to the aldehyde 87. 
The yield obtained in this reaction was only moderate and by far not up to the 
expectation, hence I decided to carry out further cyclization reaction of enamine 85 
by using single electron oxidants. 
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3.3.3 Cyclization of Enamine 85 by Single Electron Oxidant 
Initial studies were focused mainly on determination of the ideal single electron 
oxidant and the establishment of suitable reaction conditions. 
 
When enamine 85 was reacted with different oxidant such as CAN, Mn(OAc)3, 
CuCl2, Cu(OAC)2, MoCl5, Fe(C5H5)2PF6 different products were obtained in 
moderate to good yields.  
Enamine
85
1.  MXn (3eq.)
MXn Reaction condition Cyclization Product
yield
Mn(OAc)3
CuCl2
Cu(OAC)2
SbCl5
EtOH, 4h, rt
TMEDA:THF(1:1), 
4h, rt
TMEDA:THF(1:1),
4h, rt
CH2Cl2, 30min, 0oC
N
O
OH
91 92
----
91
92
22%
31%
----
----
2. NaBH4, MeOH
----
----
----
Scheme 3.12: Oxidative cyclization of enamine 85
Entry
1.
4.
2.
3.
 
During the reaction of enamine 85 with Mn(OAc)3 and Cu(OAC)2, only hydrolysis 
products were obtained without traces of cyclic products (Scheme 3.12, entry 1 
and 2). Whereas, with SbCl5 as the oxidant a complex mixture of several products 
was obtained (entry 3). The thin layer chromatography showed the presence of 
seven different products which were having very close Rf values and couldn’t be 
seperated. 
In the next step, I tried to cyclize the enamine 85 using CuCl2. The 1H-NMR 
spectrum of the crude sample showed the disappearance of vinyl proton signals at 
δ 5.81, 5.04 and 3.97ppm. This indicated changes in the enamine structure at both 
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the double bonds. Further purification of the crude product proved the successful 
formation of the anticipated cyclized product 91 in 22% yield, along with an 
unexpected major product, identified as substance  92 in 31% yield (entry 4). In 
addition to this, several other minor products were formed, which could not be 
separately isolated and identified.   
 
The mechanism predicted for the formation of products 91 and 92 is discussed 
below in sections 3.3.3.1 and 3.3.3.2 respectively. 
3.3.3.1 Mechanism for the Formation Cyclized Product 91 
The proposed mechanism for the cyclization of enamine 85 is as shown in scheme 
3.13. In the first step the enamine reacts with the single electron oxidant (MXn) to 
generate the cation radical 93a. The resonance structure of this cation radical form 
has already been discussed in scheme 2.7. The secondary radical formed further 
attacks the terminal C-C double bond leading to the intermediate 93b.  Further 
oxidation of radical 93b by CuCl2 leads to an unsaturated iminium ion 94, which on 
reduction with NaBH4 gives the final product 91. 
N N
N
H
N
-HCl
N
NaBH4
H-
Scheme 3.13: Possible mechanism for cyclization of enamine 85 to give product 91
85 93a
93b 94 91
CuCl2
-CuCl
Cl Cu Cl
 
3.3.3.2 Possible Mechanism for Formation of Acid 92 
Here also, the first two steps are similar to the mechanism discussed above, that 
is the generation of a cation radical from the enamine, followed by the attack of the 
secondary radical on the terminal double bond to get the cyclized tertiary radical 
93b (Scheme 3.14). The later is further oxidised by CuCl2 in an outer-sphere 
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electron transfer (ligand-transfer) to the γ-chloro iminium ion 95. Subsequent loss 
of a proton generates the enamine 96 which has the ability to undergo further 
nucleophilic attack on the alkyl carbon to form the bicyclic compound 97 containing 
a cyclopropane ring in an intramolecular SN reaction. The iminuim ion 97 
undergoes hydrolysis to give the aldehyde 100, which is further oxidized by the 
excess of CuCl2 or air to give the bicyclic carboxylic acid 92.  
N N
N
Cl
N
Cl
N
Scheme 3.14: Possible mechanism for the formation carbocyclic acid 92
85 93a
93b 95 96
Cl
CuCl2
H
N
H
O
H
N
O
H
H
N
O H
H
O
H
O
OH
Cu(I)
97 98 99
100 92
-H+
 
 
The formation of this bicyclic carboxylic acid 92 was unambiguously proven by X-
ray crystal structure analysis as shown in figure 3.5.  
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O
OH
C7
C6 C1
C8
C5
C10
O1
O2
C9
C2
C3
C4
92
Figure 3.5 : X-Ray crystal sturcture of 92
H
 
Whilst the CuCl2 induced cyclization of 85 produced two products in almost 
equimolar amount, it is the aim of the project to obtain a single product in good 
yield. I therefore tried other oxidants for the cyclization of enamine 85. The use of 
oxidants containing a Cl-ligand should inhibit the formation of 101 and therefore 
lead to 91 as the only product in good yield.   
 
To test this, I used CAN and Fe(C5H5)2PF6 as oxidants (Scheme 3.15, entry 1 and 
2 respectively). As expected, 91 is the only product in these reactions with 
Fe(C5H5)2PF6 giving a considerably better yield.  
 
The other possible products of cyclization, 101 and 92, should be the major 
product when oxidants containing Cl – counterions are used.  
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Enamine
85
1.  MXn (3eq.)
MXn Reaction condition Cyclization Product
yield
(NH4)2Ce(NO3)6
Fe(C5H5)2PF6
MoCl5
THF, 4h, rt
THF, 3h, rt
CH2Cl2,30min, 0oC
N
Cl
N
91 101
91 33%
91 64%
101 74%
2. NaBH4, MeOH
Scheme 3.15: Oxidative cyclization of enamine 85
Entry
1.
2.
3.
 
Indeed with MoCl5 as the oxidant I achieved a good yield of 101 only, surprisingly 
containing no traces of bicyclic 92 (Scheme 3.15, entry 3). 
 
With these two oxidants at hand leading to two different cyclic products, I next 
wanted to improve the yield of the cyclization. 
 
3.3.4 Optimization of Yields using Different Secondary Amine  
Electrolytic oxidations of enamines in solvents such as acetonitrile normally lead to 
cation radicals via one-electron oxidations. These oxidations take place at 
relatively low oxidation potentials105. The order of oxidation potentials normally 
corresponds to their gas-phase first-ionization potentials in solutions. It has been 
reported that, enamines prepared from pyrrolidine are more easily oxidized then 
the enamines prepared from diethylamine106. The gas phase ionization potentials 
of the enamine 102a, prepared from pyrrolidine and that of 102b prepared from 
diethyl amine are shown in figure 3.6107. This shows that there is a good chance 
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that an enamine prepared from pyrrolidine may lead to much better results in the 
radical cyclization studied by me, as the oxidation should proceed more readily. 
N
N
Enamine IP1 IP2
Δ 
(IP2-IP1)
7.24 10.04 2.80
7.57 10.28 2.71
Figure 3.6: Ionisation potentials of enamines
102a
102b
 
Having this idea in mind, I synthesized enamine 103 in order to improve the rate 
and yield of the cyclization reaction.  
 
The results obtained from the cyclization of enamines 85 and 103 are given below 
(Scheme 3.16 and 3.17), which shows that there is no great difference in the 
yields obtained. Obviously, the electron transfer leading to the radical cation is not 
rate limiting in these reactions. As an additional problem, the NMR-analysis of the 
product 105 formed from enamine 103 turned out to be complex: the signals of the 
two methylene groups in the cyclopentane ring and the two methylene groups in 
the pyrrolidine overlap and appear as a broad signal. This problem did not appear 
with the enamine 85. Therefore I abandoned the idea of using pyrrolidine derived 
enamines for further studies.  
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N
Cl
N
Cl
O
H
O
H
3eq. MoCl5,
CH2Cl2, 0oC, 30min
CH2Cl2, 0oC, 30min
3eq. MoCl5,
Yield: 67%
Yield: 66%85
103
104
104
Scheme 3.16: Cyclization of enamines by using MoCl5
 
1) 3eq. Fe(C5H5)2PF6, 
THF, 3h, rtN
N
1) 3eq. Fe(C5H5)2PF6, 
THF, 3h, rt
2) NaBH4, MeOH, 12h
2) NaBH4, MeOH, 12h
N
N
Yield: 66%
Yield: 64% 9185
103 105
Scheme 3.17: Cyclization of enamines by using Fe(C5H5)2PF6,
 
As the reaction of 85 with Fe(C5H5)2PF6 generates a lot of ferrocene, which 
complicated the work up considerably, I decided to pursue further studies using 
MoCl5 as the oxidant. 
 
In the next step, I wanted to optimize the yield of 104 by variation of the reactants. 
The results of these experiments are given in scheme 3.18. Obviously one 
equivalent of oxidant is not sufficient to obtain a complete conversion, as would be 
 
Theoretical Part 
 42  
 
expected, two single electron oxidation steps are included in the mechanism. 
Three equivalents of oxidant gave a slightly improved yield compared to the use of 
two equivalents of MoCl5. 
N
Cl O
H
85 104
Scheme 3.18: Optimization of oxidant
Entry  enamine 85 Yield
1. 2mmol 2mmol(1eq.) Incomplete reaction,complex mixture
2. 2mmol 4mmol (2eq.)
3. 2mmol 6mmol (3eq.) 66%
63%
Condition: a) MoCl5, CH2Cl2, 0oC, 30min
a
MoCl5
 
On the basis of the above results I conclude that the optimized conditions were 
MoCl5 (3 equiv.) as single electron oxidant with CH2Cl2 as a solvent of choice. 
Hence, I decided to study the scope of this new reaction by using three 
equivalents of MoCl5 and a variety of different enamines. 
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4 Scope of MoCl5-induced radical cyclization of enamines     
of type 58 
 
Encouraged by the positive results obtained in the synthesis of five membered 
rings from citronellal enamines, I decided to study further applications of this MoCl5 
induced reactions by using different enamines as substrates and determine the 
scope of this new reaction. Another goal was to understand the effect of different 
substituents on the terminal carbon-carbon double bond on the rate and yield of 
the reactions. As a first substrate, I choose enamine 106 which can be prepared in 
few steps.  
N
106
Figure 4.1
  
The details of the synthesis of this enamine are as discussed below.  
   
4.1 Synthesis of (E)-N,N-diethylhepta-1,6-dien-1-amine 106 by 
Hept-6-enal  
This enamine 106 can be synthesized from hept-6-enal by condensation with 
diethyl amine in presence of p-TsOH. In order to prepare hept-6-enal efficiently, 
several different approach were tried as described below. 
 
4.1.1 Synthesis of Hept-6-enal by Oxidative Cleavage of γ-Hydroxy 
silanes 
S.R. Wilson et al., have reported the synthesis of hept-6-enal by oxidative 
cleavage of γ-hydroxy silanes with cerium ammonium nitrate in 32% yield108. Even 
though, the yield of the product obtained was only moderate, the advantage of this 
method was to prepare the aldehyde in only two steps.  
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I Si Mg IMg Si
O
O
IMg Si
Si
OH
Si
OH
I
OH
Et2O
reflux, 1h
CuI, THF
 -20oC, 2h
113(56%) 114(38%)
(NH3)2Ce(NO3)6
CH3CN, rt, 12h
111 (16%)
112
113
112
+
+ +
Scheme 4.1: Hept-6-enal 111 by oxidative cleavage of γ -hydroxy silanes
 
The initial step involved (scheme 4.1), was the preparation of the Grignard reagent 
(trimethylsilyl methyl magnesium iodide 112) which was then treated with 
cyclohexane oxide. This reaction gave the expected product γ-hydroxy silane 113 
in 56% yield, along with 2-iodocyclohexanol 114 in 38% yield. Compound 114 is 
formed by nucleophilic attack of iodide on the epoxide ring. Unfortunately, when γ-
hydroxy silane was treated with CAN in the next step, only 16% of the aldehyde 
111 was obtained. As the yield achieved by this method was not up to the 
expectations, I decided to synthesize aldehyde 111 using a different approach. 
 
4.1.2 Synthesis of Hept-6-enal by the Cleavage of 7-Octene-1,2-diol 
A. Faucher has recently reported a single step synthesis of the aldehyde 111 by 
the cleavage of commercially available 7-oct-1,2-diol 115 with sodium periodate109. 
Being a one step synthesis, this seemed to be a promising approach. When the 
attempt was made to synthesis 6-heptenal by this method, the product 111 was 
obtained in 92% yield (Scheme 4.2). 
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OH
OH
NaIO4, H2O
rt, 2h
92%
O
115 111
Scheme 4.2: Second attempt for the synthesis of hept-6-enal
  
Unfortunately, this approach was not suitable for the syntheses of other heptenals, 
as only 7-octene-1, 2-diol is commercially available and even this substrate only 
for a relatively high price.  
 
I therefore decided to explore another, more general method for the synthesis of 
heptenals. 
 
4.1.3 Synthesis of Hept-6-enal from Hexane-1, 6- diol  
S. Sakane et al. has reported a synthesis of a substituted hept-6-enals from easily 
available hexane-1,6-diol110. He has performed the synthesis by selectively 
protecting of one hydroxyl group of the starting material. This synthesis was 
carried out in five  steps as discussed below: 
• Monoprotection of 1,6 hexanediol  
• Oxidation of the monoprotected alcohol. 
• Preparation of an alkene from the aldehyde usually by Wittig reaction 
• Deprotection of the alcohol 
• Oxidation of alcohol to obtain the desired aldehyde. 
There are numerous methods which have been developed for the protection of 
alcohols, 1,2 diols, 1,3 diols and unsymmetric diols including the protection of 
primary alcohol in presence of secondary alcohols. Some of the most common 
protecting groups which are frequently used for the protection of primary alcohols, 
are shown in figure 4.2.  
 
Theoretical Part 
 46  
 
O O O
O
O Si
O
O
O O
Allyl ether Methoxymethyl ether
(MOM-OR)
t-Butyldimethylsilyl ether
(TBDMS-OR)
Pivalic acid ester Benzyl ether 
(Bn-OR)
Tetrahydropyranl ether
(THP-OR)
Figure 4.2: Protecting groups for primary alcohols
 
 However, only few methods have been reported for the selective monoprotection 
of symmetric diols.  So far, the most widely used reagents for the protection of 
symmetric diols are tert-butyldimethylsilylchloride (TBDMSCl) and 3,4-dihydro-2H-
pyran. Both these protecting group are stable under oxidative, reductive, mildly 
acidic and basic conditions and are therefore suitable for the desired syntheses.   
 
4.1.3.1 Synthesis of Aldehyde 111 using tert-Butyldimethylsilyl chloride 
(TBDMSCl) as a Protecting Group for 1,6-Hexanediol  
When hexan-1,6-diol 116 was treated with TBDMSCl in the presence of imidazole 
in CH2Cl2 at 0oC for 12 h, two products were formed which were isolated  as the 
monoprotected 117a and the diprotected diol in 33% and 39% yield respectively 
(Scheme 4.3). 
HO OTBDMS
4
116 117a
a or b
  a) TBDMSCl, Imidazole, CH2Cl2, 0oC, 12h, 33%
  b) TBDMSCl, NaH, CH2Cl2, 0oC, 12h, 82%
Scheme 4.3 : Protection of 1,6-hexandiol by TBDMSCl
HO
OH
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 P. McDougal has reported that, by using NaH as a base, the ratio of the 
monoprotected diol can be increased significantly111. When the reaction was 
carried out in this way, I observed that the yield of the monoprotected diol was 
raised up to 82%. The only disadvantage here was a highly exothermic reaction 
between TBDMSCl and the deprotonated alcohol. The next step involves the 
oxidation of the primary alcohol to the corresponding aldehyde. 
 
There are several oxidizing reagents available which convert alcohols to 
aldehydes, but precautions must be taken that the aldehyde is not further oxidized 
to the carboxylic acid. Some of the important reagents that have been used for 
such conversions are DMSO112, Collins113 reagent, Corey’s reagent114 or 
pyridinium dichromate115. Oxidation of primary alcohols to aldehydes without 
further oxidation to carboxylic acids is difficult to accomplish with oxidizing agents 
in aqueous solution because the aldehyde hydrates, which are in equilibrium with 
the aldehyde, are readily oxidized to the corresponding carboxylic acids. 
 
However, selective oxidation of primary alcohols to aldehydes can be easily 
accomplished by using Swern oxidation or chromium (VI) reagents that are soluble 
in organic solvents under anhydrous conditions which avoids hydrate formation. 
One drawback of the Swern oxidation is the production of the malodorous dimethyl 
sulphide. The other most convenient reagents for this conversion are chromium 
trioxide pyridine complex (CrO3. 2C5H5N), known as Collins reagent, and 
pyridinium chlorochromate (C5H5NH+CrO3Cl -), which is often abbreviated as PCC 
and also known as Corey-Suggs reagent. The PCC oxidations are normally 
carried out in dichloromethane with 1.5 equiv of reagent suspended in organic 
solvent at room temperature and are usually complete within 1-2h. Among the 
different oxidation conditions tried in my hands, the oxidation of primary alcohol 
117a with PCC produced the best results yielding 83% of corresponding aldehyde 
118a (Scheme 4.4).  
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Scheme 4.4: Third attempt for the synthesis of hept-6-enal 111
HO OTBDMS
4
O OTBDMS
4
OTBDMS
4
O
111
117a 118a
119a
Conditions: a) PCC, NaOAc, CH2Cl2, rt, 2h, 83%,  b) CH3PPh3Br, n-
BuLi, THF, -78oC, 14h, 63%, c) 1% HCl in EtOH, rt, 2h, 90%, d) PCC, 
NaOAc, CH2Cl2, rt, 2h, 86%
a b
c,d
 
Under Wittig conditions, this aldehyde was then treated with 
methyltriphenylphosphonium bromide and n-BuLi in THF at -78oC for 14h, to 
obtain the alkene 119a in 63% yield. Undesired side reactions in this step might be 
aldol additions and condensations. Further cleavage of the TBDMS group with 1% 
HCl in EtOH, followed by oxidation of the alcohol with PCC gave the desired 
aldehyde 111 in 86% yield. Even though this synthetic sequence was successful, 
the starting material TBDMSCl is fairly expensive and I therefore tried the same 
sequence using the tetrahydropyranyl group as protecting group. 
 
4.1.3.2 Synthesis of Aldehyde 111 by using 3,4-Dihydro-2H-pyran as a 
Protecting Group for 1,6-Hexanediol  
The treatment of 1 equiv of hexane-1,6-diol with 0.6 equiv of 3,4-dihydro-2H-
pyran produces an acceptable yield of monoprotected product (77%)  based on 
the protecting reagent as the  limiting reagent (Scheme 4.5). The reaction 
conditions in this case were mild, compared to TBDMSCl with NaH. Furthermore, 
it was observed that the Wittig reaction of methyltriphenylphosphonium bromide 
with the THP protected aldehyde 118b gave a better yield of alkene, compared to 
the TBDMS protected aldehyde 118a. Cleavage of the THP-group under acidic 
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conditions produced the alcohol 120 in 93% yield. From this alcohol, aldehyde 
111 was obtained in 86% yield by oxidation with PCC. 
Scheme 4.5: Fourth attempt for the synthesis of hept-6-enal 111
HO OH HO OTHP
4 4
O OTHP
4
OTHP
4
O
111
116 117b
118b 119b
120
Conditions: a) Dihydropyran, p-TsOH, CH2Cl2, 0oC, 12h, 77%, b) PCC, 
NaOAc, CH2Cl2, 2h, 83%, c) CH3PPh3Br, n-BuLi, THF, -78oC, 16h, 
71%, d) p-TsOH, MeOH, 3h, 93%, e) PCC, NaOAc, CH2Cl2, 2h, 86%
a b
c d
eOH
 
Using this sequence I was able to synthesize hept-6-enal 111 in good yield. 
Furthermore, the use of different Wittig reagents allows the syntheses of different 
heptenals by this sequence. I therefore decided to apply this as a standard 
sequence for the synthesis of other heptenals too, which should be used as 
starting materials for the synthesis of other enamines. 
 
When hept-6-enal 111 was treated with diethyl amine in the presence of p-
toluenesulfonic acid and with azeotropic removal of water, enamine 106 was 
obtained in 63% yield (Scheme 4.6).  
a) HN(CH2CH3)2, CH2Cl2, -H2O, 63%
NO
106111
Scheme 4.6: synthesis of (E)-N,N-diethylhepta-1,6-dien-1-amine 106
a
 
With enamine 106 readily available, I tried to cyclized this substrate using MoCl5.  
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4.1.4 Attempted Cyclization of Enamine 106 using MoCl5  
After treating enamine 106 with 3 equiv. of MoCl5 in CH2Cl2 at 0oC, 1H-NMR 
analyses of the crude mixture of products showed that, signals at 5.74 and 4.06 
ppm which were caused by the enamine double bond proton had disappeared. 
However, there was no change in the proton signals of the terminal carbon-carbon 
double bond. This indicated the complete reaction of the starting enamine, 
unfortunately leading to uncyclized products. One possible reason, for the failure 
of the cyclization reaction is the low stability of the radical 122 generated in the 
cyclization step (scheme 4.7). 
N NMoCl5 N
N
N
Cl Cl
N
Cl
O
H
H3O+
N N
Cl Cl
O
H
Scheme 4.7: Mechanism explaning stability of radicals
106 121a 121b
121b 122 123 124
121b 125 126
H3O+
Cl
A
B
H
H
(4.06ppm)
(5.74ppm)
?
0%
 
The first step of the mechanism is again the generation of a cation radical 121a 
and 121b by treating enamine 106 with MoCl5. I was initially expecting that this 
radical will attack the terminal carbon-carbon double bond intramolecularly via 
path A, thereby generating a five membered cyclic compound via the primary 
radical 122.  It was however observed that, the primary radical 122 formed via 
path A is not very stable and unlikely to form. Furthermore, the possibility of an 
unfavourable equilibrium 121b/122 exists. Hence, the reaction followed path B, i.e 
the secondary radical 121b is further oxidized to form the iminium salt 125 and 
after hydrolysis aldehyde 126, which I detected in the reaction mixture. It therefore 
seems that terminal double bonds without substituents are not suitable for the 
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desired cyclization. To prove this hypothesis, I decided to prepare an unsaturated 
enamine containing a higher substituted alkene. 
 
4.2 Synthesis of (E)-N,N-Diethyl-7-methylocta-1,6-dien-1-amine 
(107) 
Taking this into consideration, I decided to synthesize enamine 107 (Figure 4.3), 
having two methyl groups on the C-C double bond which will lead to a more stable 
tertiary radical in the cyclization step. 
N
107
Figure 4.3
 
4.2.1 Plan for the Synthesis of Enamine 107 
The synthesis of enamine 107 from hexan-1,6-diol was performed similarly to the 
previously developed synthesis of enamine 106. Aldehyde 118b was treated with 
1.5 equiv. of isopropyltriphenylphosphonium iodide under Wittig conditions to 
obtaine alkene 127 in 79% yield (Scheme 4.8).  
Conditions: a) n-BuLi(1.5 eq.), (CH3)2CHPPh3I (1.5 eq.),THF, -78oC, 16h, 79%
b) p-TsOH, MeOH, 3h, 83%, c) PCC, NaOAC, CH2Cl2, 2h, 82%
d) HN(CH2CH3)2, CH2Cl2, -H2O, 67%
N
OTHPO OTHP OH
O
a b
c d
107
127 128
129
118b
4 4 4
Scheme 4.8 : Synthesis of (E)-N,N-diethyl-7-methylocta-1,6-dien-1-amine 107
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Under acidic conditions deprotection of the THP group was achieved, to give the 
alcohol 128 in 83% yield.  Further oxidation of this primary alcohol was easily 
achieved by using PCC as an oxidizing agent, which lead to the aldehyde 129 in  
good yield (83%). In the final step, aldehyde 129 was treated with diethyl amine in 
presence of p-TsOH with azeotropic removal of water to obtain the desired 
enamine 107 in 67% yield.  
 
With this enamine at hand I was able to verify the hypothesis of radical stability 
after cyclization profoundly influencing the yield of the intermediate addition. 
 
4.2.2 Cyclization of Enamine 107 
When the enamine 107 was treated with 3 equiv. MoCl5 in CH2Cl2 at 0oC, the final 
product isolated after hydrolysis was the anticipated five membered cyclic 
aldehyde 130 in 80% yield (Scheme 4.9). 
N
Cl O
H
107 130
a
80%
a) MoCl5, CH2Cl2, 0oC, 30min
Scheme 4.9 : Cyclization of enamine 107 using MoCl5
 
The structure of this aldehyde was also confirmed by preparing its dinitrophenyl 
hydrazone (Scheme 4.10). 
Cl O
H
130
Scheme 4.10 : Cyclization of enamine 107 using MoCl5
Cl
N
H
N
NO2
NO2
2,4-DNP hydrazine
EtOH, rt
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In a similar reaction the intermediate iminium ion formed was reduced with NaBH4 
which produced the tertiary amine 131 in excellent yield (91%) as shown in 
scheme 4.11. 
N
Cl
N
a) MoCl5, CH2Cl2, 0oC, 30min 
b) NaBH4, MeOH, 12h
107 131
a and b
91%
Scheme 4.11: Cyclization of enamine 107 followed by reduction with NaBH4
 
 From these results I can conclude that the stability of the radical generated in the 
cyclization step is of profound importance for a successful cyclization of 
unsaturated enamines of type 107 in good yields. 
 
Even though two setreocenters are formed in the cyclization of 107, I obtained 
only one diastereomerically pure product, which could be due to a highly 
stereoselective cyclization. Unfortunately, 1H-NMR is not a good method to 
determine the relative stereochemistry of cyclopentane derivatives. I therefore 
tried to synthesize crystalline derivatives of 130 and 131. However, dinitrophenyl 
hydrazone of 130 as well as the hydrochloride and picrates of 131 were either not 
crystalline or produced no suitable crystals for structure analysis. 
 
Fortunately I observed, that aldehyde 130 undergoes air oxidation to form the acid 
132 of which a single crystal grown from an EtOAc solution helped to understand 
the stereochemistry of cyclization.  
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C8
Cl1
C9 C7
C2
C3
O2
C6
O1
C1
C5
C4
Cl O
OH
132
Figure 4.4 : X-Ray crystal structure of 132
 
The crystal structure of the acid 132 (Figure 4.4) shows that only the trans product 
is obtained. This is rather surprising, as the cis product would be expected to be 
preferred in the cyclization step due to the Beckwith Houk transition state. I 
therefore explain the trans-stereochemistry by an epimerization of the cyclization 
product as outlined in scheme 4.12. 
NR2 H
NR2
H
H
H
NR2
Cl
NR2
H
H
NR2
H
H
H Cl
R2N
Cl
-H+
+H+ -H+
+H+
H+
Enamine 135Cis Intermediate 134 Trans Intermediate 136
133a133b 133c
Scheme 4.12 : Transition state involved in cyclization step
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The cyclization reaction can proceed via different transition states, the three most 
likely are: 
1. The chair form 133a, which will leads to the formation of the cis product.  
2. The chair form 133b, which will give the trans product. 
3. The boat shaped transition state 133c, which will also lead to the trans 
product. 
However, the probability of the reaction proceeding via a boat shaped transition 
state is low compared to the chair forms due to higher energy of the former.  
Hence I have ruled out the formation of transition state 133c in comparison with 
the other two.  Out of the two chair conformations, the transition state 133a should 
be  favored over 133b, since both the substituents in 133a are on the equatorial 
position. Upon cyclization 133a forms the thermodynamically less stable cis 
iminium ion 134 which undergoes isomerization via enamine 135 to form the more 
stable trans iminium ion 136 thereby leading to the final trans product. 
  
On the basis of these results I can conclude that: 
1. Formation of the cyclized product can be easily achieved by stabilizing the 
radical generated after cyclization. 
2. The cyclization of the enamine takes place with an undefined 
stereochemistry, however epimerization during or after the reaction leads to 
the formation of trans product, which is thermodynamically preferred.  
 
4.3 Synthesis of (1E, 6E)-N,N-Diethylnona-1,6,8-trien-1-amine 
(108) 
The MoCl5 induced cyclization seems to work well when stabilized radicals are 
formed in the cyclization step. As radicals in conjugation with double bond are 
stabilized, I decided to synthesize the enamine 121 (Figure 4.5) with conjugated 
double bond, as a suitable substrate for MoCl5-induced cyclization. 
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N
108
Figure 4.5
 
4.3.1 Plan for the Synthesis of Enamine 108 
 To prepare this enamine, I applied again a Wittig reaction of aldehyde 118b which 
is shown in scheme 4.13. Generally, Wittig reactions form alkenes as a mixture of 
cis and trans isomers. In order to avoid the formation of a these stereoisomers, the 
Wittig-Horner method was used to achieve a selectively E-alkene formation from 
aldehyde 118b.  
a) n-BuLi(2eq.),H2C=CHCH2PO(OEt)2(2eq.),THF, -78oC, 6h, 59%
b) p-TsOH, MeOH, 4h, 91%, c) PCC, NaOAC, CH2Cl2, 2h, 84%
d) HN(CH2CH3)2, CH2Cl2, -H2O, 64%
N
OTHPO OTHP OH
O
a b
c d
108
137 138
139
118b
4 4 4
Scheme 4.13 : Synthesis of (1E,6E)-N,N-diethylnona-1,6,8-trien-1-amine 108
 
 
Thus to obtain the enamine 108, in the first step aldehyde 118b was treated with 
diethyl allylphosphonate in presence of n-BuLi to give the conjugated alkene 137 
in 59% yield. Even though the yield of this product is only moderate, as anticipated 
only the trans product was obtained. In the next step, removal of the THP group 
was achieved under acidic conditions to obtain the alcohol 138 in 91% yield. 
Further oxidation of this alcohol with PCC resulted in the formation of aldehyde 
139 in 84% yield. Finally, this aldehyde was treated with diethyl amine in CH2Cl2 
with azeotropic removal of water to obtain the desired enamine 108 in 64% yield.  
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4.3.2 Cyclization of Enamine 108 
After successfully synthesizing enamine 108 it was treated with 3 equivalent of 
MoCl5 at 0oC for cyclization. The 1H-NMR spectrum of the crude product after 
hydrolysis, showed that the signals of the enamine had disappeared. In addition 
specific new signals had appeared which were a doublet at 9.55 ppm, a multiplet 
at 5.61 ppm, doublet at 3.96ppm. Further purification of the crude product by flash 
chromatography gave the cyclic aldehyde 140 in 79% yield (Scheme 4.14). 
108
a
140
Scheme 4.14: Cyclization of enamine 108
 a) MoCl5, CH2Cl2, 0oC, 30min, 79%
N
O H
Cl
 
Here there was a possibility of formation of two cyclized products from the 
enamine 108 which are 140 and 141 as shown in scheme 4.15. However, 
probably due to the higher reactivity of the primary radical 142b as compared to 
142a, only aldehyde 140 was obtained with high regioselectivity. 
N NEnamine 108
+
MoCl5
Scheme 4.15 : Regeoselective cyclization reaction of enamine 108
141 140
142a 142b
O H
Cl
O H
Cl
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When the intermediate imminuim ion was reduced in situ with the NaBH4 the 
tertiary amine 143 was obtained in 68% yield (Scheme 4.16). Its structure was 
also confirmed by 2D NMR analysis. Obviously, apart from single reduction a 
further reaction has taken place here. 
108
N
a and b
143
Scheme 4.16: Cyclization of enamine 108
 a) MoCl5, CH2Cl2, 0oC, 30min
 b) NaBH4, MeOH, 12h
N
68%
 
The mechanism for the formation of amine 143 is as shown below in scheme 4.17. 
108
N MoCl5
Cl
-HClH N
HH
N
N
H+
N
NaBH4
N
143
H-
N
Scheme 4.17: Mechanism for the formation of 143
144
145 146 147
148
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The radical cation 144 generated from enamine 108 after treating with oxidant, 
adds intramolecularly to the diene system, thereby forming the iminium ion 145. In 
the next step, under reductive and basic conditions (NaBH4) the intermediate 146 
was formed by the loss of HCl which in the subsequent step forms the enamine 
147 by the loss of a proton. This enamine is again protonated which results in the 
formation of iminium ion 148 which is reduced by NaBH4 leading to the final 
product 143. 
 
Another less probable mechanism is the elimination of HCl and isomerisation after 
the reduction step. 
 
4.4 Synthesis of (1E)-N,N-Diethyl-7-phenylhepta-1,6-dien-1-amine 
(109) 
Another substrate, which should allow the MoCl5 induced cyclization is the 
enamine 109, because the radical formed in the cyclization step will be stabilized 
by aromatic system. I therefore prepared enamine 109 to test this hypothesis 
(Figure 4.6).  
N
109
Figure 4.6
 
The details of the synthesis of enamine 109 as well as its reactions with MoCl5 are 
as discussed below. 
 
4.4.1 Plan for the Synthesis of Enamine 109 
Similar to the synthesis of other enamines, I planned to synthesize enamine 109 
starting from hexane-1,6-diol. When the aldehyde 118b, obtained from this diol, 
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was treated with benzyl triphenylphosphonium bromide and n-BuLi at -78oC, 
alkene 149 was isolated in 80% yield (Scheme 4.18).  
a) n-BuLi(2eq.),PhCH2PPh3(1.5eq.),THF, -78oC, 16h, 80%
b) p-TsOH, MeOH, 4h, 93%, c) PCC, NaOAC, CH2Cl2, 2h, 89%
d) HN(CH2CH3)2, CH2Cl2, -H2O, 88%
NPh
OTHPO OTHP OH
Ph
OPh
Pha b
c d
109
149 150
151
118b
4 4 4
Scheme 4.18 : Synthesis of (1E)-N,N-diethyl-7-phenylhepta-1,6-dien-1-amine 109
 
The 1HNMR of this alkene showed the signals of four vinyl protons in the region 
6.32 - 5.57ppm with coupling constants of 16 Hz and 11 Hz and with a 1:2 
relations of the integrals. This indicates that the product isolated was a 1:2 mixture 
of the cis- and trans-isomers. Without further separation (due to the very close Rf-
values of the isomers), cleavage of the THP group was performed under acidic 
conditions to obtain alcohol 150 in 93% yield. Further oxidation of this alcohol with 
PCC lead to the aldehyde 151 in 89% yield. In the final step, this aldehyde was 
treated with diethyl amine with azeotropic removal of water to give enamine 109 in 
88% yield.  
 
The attempt was also made to synthesize selectively the trans alkene 149 by 
using a Heck reaction. Unfortunately, this method also gave a mixture of cis : trans 
(1:2) isomers in 68% yield (Scheme 4.19).  
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OTHP OTHP
Pha
149119b
4 4
I
+
Scheme 4.19: Synthesis of alkene 149 by Heck reaction
152
a) Pd(PPh)3, NEt3, CH3CN, reflux 8h, 68%
 
Since, both the methods results in the formation of a cis:trans mixture of the 
alkene, I  decided to carry out the cyclization reactions of enamine 109 with MoCl5 
using the mixture of stereoisomers. 
   
4.4.2 Cyclization of Enamine 109 
When the enamine 109 was treated with MoCl5 in CH2Cl2 at 0oC, two products 
were formed as deduced by TLC. These were the expected product 153 in 59% 
yield and another unexpected bicyclic compound 154 in 17% yields (Scheme 
4.20). The structure of both these compounds was confirmed by 2D NMR analysis.   
Enamine 
109
Ph Cl
O
H
Ph
O
H
Ph Cl
O
H
a a
- 40oC 0oC
Conditions : a) MoCl5, CH2Cl2, 30min
(64%) (59%) (17%)
153 153 154
Scheme 4.20 : Attempt for cyclization of enamine 109
+
 
When the same reaction was carried out at -40oC, only product 153 was obtained 
in 64% yield.  
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The proposed mechanism for the formation aldehyde 153 and the bicyclic 
compound 154 is shown below in scheme 4.21. 
Ph N Ph N
Ph
N
Cl Ph
N
Cl
H
Ph Cl
N
Ph
N
Ph
O
H
Ph Cl
O
H
MoCl5
109 155
156 157 153
154 158159
H3O+
H3O+
Scheme 4.21: Proposed mechanism for the formation of aldehyde 153 and 154
 
As discussed before, the first step is the formation of cation radical 155 by the 
treatment of enamine 109 with MoCl5 which adds intramolecularly to the alkene 
forming the radical 156. This is further oxidized to the iminium ion 157, which is the 
intermediate for the formation of both products obtained. Hydrolysis of the iminium 
ion results in the formation of aldehyde 153. Whereas by the loss of a proton, it 
forms the enamine 158, which is intramolecularly alkylated to form the bicyclic 
compound 159 by substitution of a chloride. This iminium ion 159 after hydrolysis 
forms the final product 154 as a bicyclic aldehyde.  
 
From the results obtained by cyclization of enamine 109 under different conditions, 
I can conclude that this substitution requires a higher reaction temperature and 
can be suppressed at -40oC leading to a single product 153. Whereas, at 0oC both 
products are obtained. Studies at higher temperature were not performed, due to 
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the exothermic nature of the reaction and the necessity to change the solvent for 
high temperature studies which would influence the results. 
  
The cyclization results up to now could be explained by a radical mechanism as 
well as a polar mechanism, involving the attack of an electrophilic chlorination 
reagent at the alkene. To rule out this several mechanism, I decided to use a 
cyclopropyl group as an internal “radical detector”. 
 
4.5 Synthesis of (1E, 6E/Z)-7-Cyclopropyl-N,N-diethylhepta-1,6-
dien-1-amine 110 
Cyclopropane rings play an important role in the detection of radical intermediates. 
Due to the high strain ring opening of cyclopropane can be easily achieved under 
suitable conditions, especially, when the cyclopropane ring is adjacent to a radical 
formed as shown in figure 4.7.  In this ring opening/ ring closing reaction, normally 
the ring opened product is preferred. The opening of the cyclopropyl ring is 
therefore a good method to detect a radical intermediate. 
Figure : 4.7
N
110
Figure: 4.8
 
I therefore synthesized enamine 110 containing a cyclopropane ring as a 
substituent on the double bond to prove that the MoCl5 induced cyclization 
proceeds via radicals (Figure 4.8).   
 
4.5.1 Plan for the Synthesis of Enamine 110 
In the first step aldehyde 118b, which was prepared from hexane-1,6-diol by 
monoprotection followed by oxidation with PCC, was treated with phosphonium 
salt (cyclopropyl methyltriphenylphosphonium bromide) and n-BuLi at -78oC.  This 
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lead to a 2:1 mixture of cis and trans alkene 160 in 76% yield (Scheme 4.22). The 
phosphonium salt was prepared in 98% yield by refluxing cyclopropylmethyl 
bromide and triphenylphosphine in toluene. In the next step, cleavage of the THP 
group of compound 160 was achieved under acidic conditions which produced the 
alcohol 161 in 92% yield. Further oxidation of this alcohol with the PCC under 
anhydrous conditions lead to the aldehyde 162 in 82% yield. In the final step the 
standard method was used to synthesize the required enamine 110 from aldehyde 
162, in 64% yield.  
Conditions:
a) n-BuLi(2eq.),CH2CH2CHPPh3(1.5eq.),THF, -78oC, 16h, 76%
b) p-TsOH, MeOH, 6h, 92%, c) PCC, NaOAC, CH2Cl2, 2h, 82%
d) HN(CH2CH3)2, CH2Cl2, -H2O, 64%
N
OTHPO OTHP OH
O
a b
c d
110
160 161
162
118b
4 4 4
Scheme 4.22 : Synthesis of (1E,6E)-7-cyclopropyl-N,N-diethylhepta-1,6-dien-1-amine 110
 
4.5.2 Cyclization of Enamine 110  
In order to verify the mechanism of the cyclization and to detect the radical 
intermediate, enamine 110 was treated with MoCl5. After hydrolysis this reaction 
produced aldehyde 163 in 70% yield. Its structure was confirmed by 2D NMR 
analysis (Scheme 4.23).  
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Enamine 
123
O
H N
a a and b
163 164
Scheme 4.23: Cyclization of enamine 110
 a) MoCl5, CH2Cl2, 0oC, 30min,70%     
 b) NaBH4, MeOH, 12h, 86%
Cl Cl
 
Treatment of the crude reaction mixture with NaBH4 instead of direct hydrolysis 
leads to amine 164 in 86% yield.  
 
The mechanism for the formation of products 163 and 164 is as shown below 
(Scheme 4.24). 
N N
N
N
MoCl5
Cl Mo
-CuCl
N
Cl
or 163or
164
110 165 166
167 168
 H3O+
NaBH4
Scheme 4.24 : Mechanism for the formation of cyclized products 163 and 164
Cl4
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Here the secondary radical 166 generated after cyclization of enamine 110 
undergoes cyclopropane ring opening thereby forming primary radical 167. This 
unstable radical 167 is further oxidized to form the iminium salt 168. The later on 
hydrolysis gave the aldehyde 163 whereas by reduction with NaBH4 the tertiary 
amine 164 is formed. 
 
In conclusion, I have successfully developed a new and efficient cyclization 
reaction of unsaturated enamines by using single electron oxidants. This reaction 
proceeds via radicals and can be performed with a variety of different substrates in 
good yields. I believe that this new method will prove highly valuable for the 
synthesis of pharmacologically active compounds and natural products. 
 
4.6 Further Reactions of Enamine 85 
After having proven, that the MoCl5 induced cyclization can be performed with 
different unsaturated enamines, I wanted to study further reactions of the 
intermediate iminiumions, which would allow the formation of different products 
and thereby broaden the scope of the newly developed cyclization reaction. Since 
iminium ions are good electrophiles, I wanted to reduce it by using different 
reducing agents as discussed in scheme 4.25.  
 
As shown before the reduction of the iminium ion is possible by using NaBH4 as a 
reducing agent which gave the cyclized product 101 from enamine 85 in 74% 
yield. 
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N
Scheme 4.25 : Further cyclization reactions of enamine 85
85
169
Cl
N
N
85
Cl
N
Ph
101
a and b
a and c
a  MoCl5, CH2Cl2, 0oC, 30min, b) NaBH4, MeOH, 12 h, 
c) PhCH2MgBr, Et2O, 6h
(74%)
(71%)
 
Synthetically more useful would be the addition of a Grignard reagent to the 
iminium ion which would allow the formation of a new carbon-carbon bond. To test 
this benzyl magnesium bromide was added to the reaction mixture and indeed the 
cyclization/addition product 169 was obtained in 71% yield. The results prove, that 
it is possible to capture the intermediate iminium ion by different nucleophiles.  
 
4.7 First Approach for the Synthesis of Four/Six Member 
Carbocyclic Compounds by using MoCl5 
After successfully achieving the formation of five membered carbocyclic 
compounds by a MoCl5-induced reaction of unsaturated enamines, I wanted to 
apply the same methodology for the formation of four or six membered cyclic 
products. There are several natural products containing cyclobutane rings (eg. α-
Pinene, Nipinone derivatives etc116) as well as cyclohexane rings (eg. 
Reserpine117, Pyripyropenes118 etc.). Therefore a new method for the formation of 
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four and six membered rings could be valuable for the synthesis of natural 
products. Two different enamines 113 and 114 were selected as starting materials 
which could lead to the formation of four and six membered rings respectively 
using my methodology. The syntheses of these two enamines is discussed below. 
 
4.7.1 Synthesis of Enamine 170 and 171 
Enamine 170 and 171 can be easily synthesized from the corresponding 
unsaturated alcohols in two steps which are: 
• Oxidation of the commercially available alcohols to the aldehyde 172 and 
173 respectively. 
• Further reactions of these aldehydes with diethyl amine to obtain enamines 
170/171 as shown in scheme 4.26 and 4.27.  
OH O
N
Scheme 4.26 : Synthesis of (E)-N,N-diethylhexa-1,5-dien-1-amine 170
172
170
 a) PCC, NaOAc, CH2Cl2, 2h, rt, 75%
 b) HN(C2H5)2, p-TsOH, CH2Cl2, -H2O, 63%
a b
 
OH O
N
171
Scheme 4.27 : Synthesis of (E)-N,N-diethylocta-1,7-dien-1-amine 171
173
4 4
 a) PCC, NaOAc, CH2Cl2, 2h, rt, 81%
 b) HN(C2H5)2, p-TsOH, CH2Cl2, -H2O, 60%
a b
 
The oxidation of unsaturated primary alcohols hex-5-en-1-ol and oct-7-en-1-ol with 
PCC gave the corresponding aldehydes 172 and 173 in 75% and 81% yield 
respectively. These aldehydes were further treated with diethyl amine leading to 
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the enamines 170 and 171, which were obtained in 63% and 60% yield 
respectively.  
 
Both these enamines were then treated with the MoCl5 in order to achieve the 
cyclization to 4 and 6 membered rings. Unfortunately, all attempts for the synthesis 
of the four and the six membered cyclic compounds from these enamines proved 
futile. One reason we could notice here is “ring strain in cyclobutane ring” which 
makes the reaction thermodynamically unfavorable. On the other hand the 
cyclization to the six membered ring is kinetically less favored then the five 
membered ring cyclization performed in the previous chapter. 
 
In future studies, enamines with substituted double bonds should be tried too. Due 
to lack of time these studies were not performed. 
 
4.8 Attempt for Intermolecular Reactions of Enamine with Alkenes 
The successful intramolecular cyclization of enamines of type 85 by using MoCl5 
as an oxidant, encouraged me to try to apply this methodology for intermolecular 
reactions of enamines with alkenes too. To start with, I have synthesized the two 
enamines 174 and 175 shown in scheme 4.28 from easily available starting 
materials. These two enamines were then treated with MoCl5 in the presence of 
cyclohexene in order to achieve intermolecular addition reactions.  
NO
NO
174
175
+
+
MoCl5, CH2Cl2
0oC , 1h
MoCl5, CH2Cl2
0oC , 1h
No Reaction
No Reaction
Scheme 4.28 : Intramolecular reactions of enamine 174 and 175
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Unfortunately, only hydrolysis products of the both enamines were obtained along 
with unreacted cyclohexene. Therefore, for intramolecular addition reactions the 
currently developed conditions are not suitable and need to be further optimized.       
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5 Summary 
 
To investigate a single electron oxidant promoted cyclization reactions of 
unsaturated enamines, three different types of substrates 56, 57 and 58 were 
synthesized as shown in figure 5.1. The key observations made during these 
studies are as discussed below: 
R1 N
R2
R3
57N R
R
R2
R1 58
N
R1
R
56
Figure 5.1 : General structures of enamines selected for cyclization reactions
 
The entire attempts made for the cyclization of enamines of type 56 and 57 by 
using various single electron oxidants proved futile, since no intramolecular 
cyclization reaction was observed. 
 
On the other hand, enamines of type 58 were found to be interesting substrate for 
intramolecular cyclization reactions.  
 
Enamine 85 was used as model compound and reacted with several single 
electron oxidants. Positive results of cyclization were obtained with CuCl2, CAN, 
Fe(C5H5)2PF6 and MoCl5. Among these, Fe(C5H5)2PF6 and MoCl5 gave the best 
yields of cyclization products (Scheme 5.1).  
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N
Cl
N
91
101
64%
74%
N
85
a,c
b,c
a) Fe(C5H5)2PF6, THF, 3h, rt
b) MoCl5, CH2Cl2,30min, 0oC 
c) NaBH4, MeOH
Scheme 5.1: Cyclization of enamine 85 by  Fe(C5H5)2PF6 and MoCl5
 
Although Fe(C5H5)2PF6 proved to be a good oxidant, its disadvantage of 
generating ferrocene in the reaction mixture led to the choice of MoCl5 for further 
cyclizations of enamines. 
 
In studies to determine the scope of the MoCl5 induced cyclization, different 
enamines were synthesized. The results obtained in the cyclization of these 
enamines with MoCl5 are shown in table 5.1.  
 
It was observed that, enamines without any substituent at the terminal C-C double 
bond do not undergo cyclization reactions (Table 5.1, entry 1). This might be due 
to the instability of the primary radical generated during the course of reaction. 
However, excellent results of cyclization were obtained when the radical formed 
was stabilized by groups such as isopropyl, phenyl, allyl or cyclopropyl. 
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NR1
R2
O
H
R4
R5
R3
MoCl5, CH2Cl2
30 min
R1, R2, R3 : H
(106)
R1, R2, R3 : CH3
(85)
R1, R2 : CH3
R3 : H (107)
R1 : CH=CH2
R2, R3 : H (108)
R1 :
R2, R3 : H (110)
R1 : Ph
R2, R3 : H (109)
R1 : Ph
R2, R3 : H (109)
Reactants Temp. Products % yield
0oC
0oC
0oC
0oC
0oC
0oC
-40oC
No reaction ------
R4 : C(CH3)2Cl 
R5 : CH3
R4 : C(CH3)2Cl
R5 : H
R4 : CH=CHCH2Cl
R5 : H
R4 : CH=CHCH2CH2Cl 
R5 : H
R4 :CH(Ph)Cl
R5 : H
R4 :CH(Ph)Cl 
R5 : H
66% (104)
80% (130)
79% (140)
70% (163)
64% (153) +
17% (154)
59% (153)
1
2
3
4
5
6
7
Table 5.1 : Results obtained from cyclization of enamines with MoCl5
Entry
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When the enamine 109, having phenyl group as the substituent on the terminal 
carbon-carbon double bond, was treated with MoCl5 at 0oC, two products were 
formed: aldehyde 153 and a bicyclic aldehyde 154 (entry 7, figure 5.2). 
Interestingly, when the same reaction was carried out at -40oC, only product 153 
was formed in fairly good yield. This indicates that the formation of 154 requires a 
higher reaction temperature and can be suppressed at -40oC leading to a single 
product 153 (entry 6).  
Ph
O
H
Figure : 5.2
154
 
Furthermore, when the enamine containing a cyclopropane ring as an internal 
radical detector at the alkene was treated with MoCl5, a cyclized product was 
formed in which the cyclopropane ring was opened (entry 5) in good yield. From 
this results I can conclude, that the cyclization reaction proceeds via a radical 
mechanism rather than a polar mechanism. 
 
The cyclization reactions of enamines proceed via intermediate “imminuim ions” 
which are electrophilic in nature. Taking the advantage of this electrophilic center, 
further reactions of this intermediate were carried out by reducing it in situ with 
NaBH4. The results obtained from different enamines are as shown in table 5.2. 
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NR1
R2
N
R4
R5
R3
R1, R2, R3 : H
R1, R2, R3 : CH3
R1, R2 : CH3
R3 : H
R1 : CH=CH2
R2, R3 : H
R1 :
R2, R3 : H
Reactants Products % yield
No reaction ------
R4 : C(CH3)2Cl 
R5 : CH3
R4 : C(CH3)2Cl
R5 : H
R4 : CH=CHCH2CH2Cl 
R5 : H
74% (101)
91% (131)
68% (143)
86% (164)
1
2
3
4
5
Table 5.2 : Results obtained from cyclization of enamines with MoCl5 followed  
                   by reduction of iminium ion with NaBH4
a,b
N(C2H5)2
a) MoCl5, CH2Cl2, 0oC, 30min
b) NaBH4, MeOH, 12h
Entry
 
Further reaction of these iminium ions can be performed by adding Grignard 
reagents to them in situ. This allowed the formation of a new carbon-carbon bond 
and lead to the formation of amine 169 from enamine 85 in 71% yield (Scheme 
5.2). 
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Scheme: 5.2: Cycliation of enamine 85 followed by reduction of iminium  
                        ion with Grignard reagent
169
Cl
N
Ph
b
a  MoCl5, CH2Cl2, 0oC, 30min, 
c) PhCH2MgBr, Et2O, 6h
Cl
N
Enamine
85
a
95
71%
 
It was observed that the cyclization reactions generally seem to produce only the 
trans products. The relative configuration of the cyclized products was determined 
by X-ray crystal structure analyses of one of the products formed in the series of 
reactions (Figure 5.3).  
C8
Cl1
C9 C7
C2
C3
O2
C6
O1
C1
C5
C4
Cl O
OH
132
Figure 5.3: X-Ray crystal structure of 132
 
This observed stereochemistry most likely is due to an epimerization after the 
cyclization leading to the thermodynamically preferred product. 
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In conclusion, I have demonstrated that the oxidative cyclization of unsaturated 
enamines by using MoCl5 as a single electron oxidant is an efficient and versatile 
method for the generation of substituted cyclopentanes. I believe that this method 
has a broad scope and can be applied in future for the synthesis of 
pharmacologically active compounds and natural products.  
 
Outlook 
With the oxidative radical reactions of enamines developed in this thesis a new 
field in enamine chemistry has been opened and a variety of other interesting and 
valuable reactions and applications should be possible. These could be the topic 
of further studies. For example: 
1. Intermolecular reactions: Although first attempts to achieve intermolecular 
radical additions of oxidized enamines to alkenes were not successful, it 
should be possible to achieve these reactions by optimizing the reaction 
conditions. 
2. These studies can be further extended towards a radical mediated 
dimerization of enamines as shown in scheme 5.3.  
R
N
R
R1 R
N
R
R1 R N
R
R1
R
N
R
R1
2 N
N
R
R
R R1
R1 R
oxidation
dimerization
Scheme 5.3 : Dimerization of enamines
 
3. Since oxidation of simple enamines to iminium-ion radicals was easily 
achieved by different single electron oxidants, further studies could be 
performed with different substrates such as the yneamine 176. This type of 
substrate could undergo cyclization via the route shown in scheme 5.4. 
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After the generation of a radical cation by single electron oxidation the sp2-
centered allene radical could abstract the δ-H to form a new radical 178 
which will in turn attack the double bond of the allene moiety to form a five 
membered cyclic intermediate 179. This reactive intermediate can undergo 
further reactions depending on the conditions used, which might be another 
radical addition to a suitable positioned alkene, or an oxidation, or H- 
abstraction. 
N
R
R
R1
N
R
R
R1
N
R
R
R1
N
R
R R1
H
N
R
R R1
Product
Scheme 5.4 : Cyclization of ymamine 176
oxidation
δH-abstraction
NR
R
R1
176
177a
177b
177b 178
179
 
4. The method developed in my studies can also be used for the synthesis of 
azasteroids which are an important class of pharmaceutically active 
compounds. The reaction developed by me should allow the facile 
synthesis of the D ring as depicted in scheme 5.5. 
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N
MeO
R
11 - aza steroids
N
R
N
R
N
R reduction
A B
C D
Scheme 5.5 :  Application of single electron oxidants in aza steroid synthesis
R'
R''
R'
R''
R'
R''
Fe(C5H5)2PF6
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6 Experimental Section 
 
6.1 General Information 
6.1.1 General Techniques 
All reactions were performed in flasks which were flame-dried under vacuum. After 
cooling to room temperature, the flasks were placed under an argon atmosphere. 
Septa, disposable syringes and needles were used for the transfer of reagents and 
other chemicals.  
 
Where ever necessary, the distillation was carried out by using membrane pump 
or oil pump.  
Membrane pump vacuo (MPV): 50 Torr 
Oil pump vacuo (OPV): 0.2 Torr 
 
6.1.2 Solvents and Reagents  
Toluene, diethyl ether and pentane were dried by refluxing over 
sodium/benzophenone under argon atmosphere. Dichloromethane was dried by 
refluxing over CaH2. THF was dried by refluxing over lithium aluminium hydride. 
Commercial grade diethyl ether, pentane, t-butyl methyl ether, dichloromethane 
and ethyl acetate were distilled prior to use for column chromatography. Other 
commercially available reagents were used as purchased.  
 
6.1.3 Chromatography 
Preparative flash column chromatography was performed under 1 bar argon 
pressure using silica gel grade 40-63 μm purchased from MERCK. Solvents for 
column chromatography were distilled prior to their use. Thin layer 
chromatography was done using commercially available aluminium silica gel cards 
60 F 254 purchased from MERCK.  
The detection of the products was done under UV light at 254 nm as well as with 
staining agents followed by heating. 
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The staining agents were prepared as follows: 
Cerium(IV) ammonium molybdate reagent: 
2.0 g of Cerium(IV) sulfate and 50.0 g of ammonium molybdate were dissolved in 
450 mL of water followed by the addition of 50 mL of conc. H2SO4.  
 
Potassium permanganate reagent: 
3.0 g of KMnO4, 20.0 g of K2CO3 and 0.3 g of KOH were dissolved in 300 mL of 
water.  
 
Vanillin reagent: 
8.6 g of vanillin were dissolved in 200 mL of ethanol and cooled to 0oC with 
subsequent addition of 2.5 mL of conc. H2SO4. 
 
6.1.4 Melting Points 
The melting points were measured on a SMP3 melting point apparatus purchased 
from STUART SCIENTIFIC, UK, and are uncorrected. 
 
6.1.5 Elemental Analyses 
Elemental analyses were performed at the microanalytical section of the 
Organisch-Chemisches Institut, WWU Münster, on a Vario EL III purchased from 
Elementar Analysen Systeme GmbH,Hanau. 
 
6.1.6 Mass - Spectrometry 
The mass spectrometric measurements were carried out by electron spray 
ionization method (ESI) on Quattro LCZ (WATERS-MICROMASS, Manchester, 
UK), with a nanospray inlet and electron impact method on Finnigan Mat 8230 
purchased from FINNIGAN MAT, Bremen, working at electronionisation potential 
of 70 eV at the Organisch-Chemisches Institut, WWU Münster. 
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6.1.7 NMR Spectroscopy 
The 1H and 13C NMR spectra were measured on ARX300, AMX400, purchased 
from BRUKER ANALYTISCHE MESSTECHNIK, Karlsruhe, and 600 MHz Unity 
Plus, purchased from VARIAN ASSOCIATED, USA. Residual CHCl3 in CDCl3 and 
tetramethylsilane were used as internal standards for recording the NMR spectra. 
The signals are interpreted as s: singlet, d: doublet, dd: doublet of doublet, t: 
triplet, m: multiplet, q: quartet, p: pentet, sext: sextet, br: broad.  
 
The interpretation of data was done on the basis of H-H-COSYs (GCOSY), C,H-
correlation (GHSQC and GHMBC), 90o and 135o 13C-DEPT NMR. 
 
6.1.8 X-Ray Crystal Structure Analyses 
Data sets were collected with Enraf-Nonius CAD4 and Nonius KappaCCD 
diffractometers, both equipped with a sealed tube generator Nonius FR590 with 
Cu-K α-radiation. Programs used: Data collection Express (Nonius B.V., 1994) and 
Collect (Nonius B.V., 1998), data reduction MolEN (K. Fair, Enraf-Nonius B.V., 
1990) and Denzo-SMN (Z. Otwinoski, W. Minor, Methods in Enzymology, 1997, 
276, 307-326), absorption correction for CCD data SORTAV (R.H. Blessing, Acta 
Cryst. 1995, A51, 33-37; R.H. Blessing, J. Appl. Cryst. 1997, 30, 421-426), 
structure solutions SHELXS-97 (G.M. Sheldrick, Acta Cryst. 1990, A46, 467-473), 
structure refinement SHELXL-97 (G.M. Sheldrick, Universität Göttingen, 1997), 
graphics SCHAKAL (E. Keller, Universität Freiburg, 1997). 
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6.2 Synthesis and Reactions of (E)-N-Butyl-N-(2-methylprop-1-
enyl)hex-4-en-1-amine (56c) 
 
6.2.1 Preparation of (E)-Hex-4-enoyl chloride (67) 
 
O
Cl
67
1
2
3
4
5
6
Mol. Formula : C6H9ClO
Mol. Wt.: 132.58
 
(E)-Hex-4-enoyl chloride was synthesized according to the literature known 
procedure119. To a solution of (E)-hex-4-enoic acid 66 (22.8 g, 0.20 mol, 1eq.) in 
CH2Cl2 (50 mL), thionyl chloride (16.0 mL, 0.22 mol, 1.1eq.) was added slowly at 
0oC. The mixture was stirred 14h at room temp. after which the solvent was 
removed under vacuo. According to the NMR analysis of the reaction mixture, only 
the desired product 67 was formed. Therefore without further purification, the 
crude product was used for the next step that is synthesis of amide 68.  
 
1H NMR (300 MHz, CDCl3):  δ = 5.57-5.27 (m, 2H, H-4 and H-5), 2.89 (t, J = 7.2 
Hz, 2H, H-2), 2.32 (m, 2H, H-3), 1.65 (m, 3H, H-6) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 173.19 (C1), 127.75 (C4), 127.21 (C5), 46.99 (C2), 
27.96 (C3), 17.87 (C6) ppm. 
 
EI MS m/z (relative intensity):  132 (16.55, M+), 97 (42.27, M+-Cl), 69 (89.65, M+-
COCl), 55 (100.00, C4H7+). 
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6.2.2 Preparation of (E)-N-Butylhex-4-enamide (68) 
 
O
NHC4H9
68
Mol. Formula :C10H19NO
Mol. Wt.: 169.27
 
In 1 L round bottom flask equipped with a dropping funnel and NaOH trap and 
charged with 1.0 mol (99.0 mL, 5eq.) of n-butyl amine. The acid chloride 67 
dissolved in little CH2Cl2 was added dropwise over a period of 30 min to the amine 
at 0oC. After stirring the reaction overnight, solvent and excess amine were 
removed under vacuo and the remainder taken up in TBME and aq. hydrochloric 
acid (2 M) (150 mL each). The layers were separated and the organic layer was 
washed with aq. hydrochloric acid (2 M, 150 mL). After drying (Na2SO4), the 
solvent was removed in vacuo and the amide 68 was obtained from the residue by 
distillation which (29.40 g, 0.17 mol) in 77% yield over two steps. The analytical 
data of the compound 68 are as follows:  
 
Boiling point: 110oC / MPV 
 
1H NMR (300 MHz, CDCl3): δ = 6.10 (br s, 1H, NH proton), 5.45 (m, 2H), 3.23 (q, J 
= 7.0 Hz, 2H), 2.30 (m, 2H), 2.22 (m, 2H), 1.63 (d, J = 4.8 Hz, 3H), 1.48 (m, 2H), 
1.35 (m, 2H), 0.92 (t, J = 7.2 Hz, 3H) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 172.5, 129.5, 125.9, 39.0, 36.4, 31.6, 28.5, 19.9, 
17.6, 13.6 ppm. 
 
EI MS m/z (relative intensity):  169 (96.99, M+), 154 (40.56, M+-CH3), 140 (10.55, 
M+-C2H5), 126 (12.16, M+- C3H7), 115 (40.94, C6H13NO+), 100 (32.16, C5H10NO+), 
97 (33.05, C6H9O+), 69 (61.21, C5H9+), 57 (100.00, C4H9+). 
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The data obtained is in accordance with the published data120. 
 
6.2.3 Preparation of (E)-N-Butylhex-4-en-1-amine (69) 
 
N
H
69
Mol. Formula :C10H21N
Mol. Wt.: 155.28
 
150 mmol (25.35 g) of amide 68 dissolved in 100 mL of THF, were added 
dropwise to a suspension of lithium aluminium hydride (14.22 g, 375 mmol) in 300 
mL of THF at 0oC. The resulting mixture was heated under reflux overnight and the 
excess hydride destroyed by careful addition of a solution of potassium hydroxide 
(9.0 g) in 45 mL of water. The resulting suspension was heated for another hour 
under reflux and then filtered hot through a Büchner funnel. The solid residue was 
taken up in 200 mL of THF, heated and filtered through a Büchner funnel again. 
The combined liquid phases were dried with sodium sulfate, the solvent was 
removed in vacuo and the residue was further purified by distillation to give amine 
69 (22.08 g, 142 mmol) in 95% yield. 
 
Boiling point: 135-137oC / MPV. 
 
1H NMR (300 MHz, CDCl3): δ = 5.40 (m, 2H), 2.59 (m, 4H), 1.96 (m, 2H), 1.64 (m, 
3H), 1.53 (m, 2H), 1.45 (m, 2H), 1.35 (m, 2H), 1.04 (br s, 1H), 0.91 (t, J = 7.1Hz, 
3H) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 130.8, 124.8, 51.9, 51.8, 30.6, 29.8, 29.5, 20.4, 
17.7, 13.8 
 
ESI MS: (M++H) 156.28 
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These data are consistent with the published spectra121. 
 
6.2.4 Synthesis of (E)-N-Butyl-N-(2-methylprop-1-enyl)hex-4-en-1-amine 
56c 
 
N
56c
1
2
3
4
5
6
7
8
9
10
11
12
13
13'
Mol. Formula :C14H27N
Mol. Wt.: 209.37
 
A solution of 80 mmol (7.2 mL) isobutyraldehyde, 80 mmol (12.4 g) of (E)-N-
butylhex-4-en-1-amine 69 and 1.6 mmol (304 mg) of p-toluenesulfonic acid in 200 
mL of CH2Cl2 was heated under reflux in a Dean-Stark apparatus till the evolution 
of water stops (approx. 6 h). After the removal of the solvent under the reduced 
pressure, the product was obtained from the residue by distillation, which gave 
(7.52 g, 36 mmol) 45% of enamine 56c. The analytical data obtained for the 
compound 56c are as follows: 
 
Boiling point: 155oC / MPV 
 
1H NMR (300 MHz, CDCl3): δ = 5.32 (m, 2H, H-4 and H-5), 5.02 (sept, with fine 
splitting, J = 1.1 Hz, 1H, H-11), 2.38 (t, J = 7.3 Hz, 4H, H-1 and H-7), 1.57-1.53 (m, 
9H, H-6,H-13 and H-13’), 1.39-1.02 (m, 6H), 0.80 (m, 5H) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 135.32, 131.32, 130.00, 124.51, 56.10, 55.77, 
30.47, 30.28, 28.19, 22.10, 20.44, 17.74, 17.59, 13.97 ppm.  
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EI MS m/z (relative intensity):  209 (8.54, M+), 194 (9.05, M+-Me), 166 (M+-C3H7), 
154 (2.09, M+-C4H7), 152 (4.05, M+-C4H9), 126 (100, M+-C6H11), 98 (6.91, 
C6H12N+), 69 (14.90, C4H7N+ or C5H9+), 41 (C3H5+) 
 
HRMS (EI) m/e calcd. for: C14H27N 209.2143, found: 209.2160. 
 
6.3 Synthesis and Reactions of N-Benzyl-N-(2-methylprop-1- enyl) 
prop-2-en-1-amine 57c  
 
6.3.1 Preparation of (E)-N-Benzylideneprop-2-en-1-amine (74) 
 
N
74
1
2
34
5
6
7
8
6'
7' Mol. Formula : C10H11N
Mol. Wt.: 145.20
 
A mixture of 0.20 mol (21.2 mL) of the benzaldehyde in CH2Cl2 (100 mL) was 
treated with 0.20 mol (12.4 mL) of allyamine and 24 g of sodium sulfate. The 
mixture was stirred at room temperature for 4h, and then filtered. The filtered cake 
was washed with dichloromethane. The combined filtrate was concentrated in 
vacuo. The spectroscopic analysis of the crude product indicates the formation of 
imine 74 as a single product. Hence, without undergoing further purification, 
reduction of the imine was performed by using NaBH4 to afford secondary amine. 
The analytical data obtained for the imine 74 are as follows:  
 
1H NMR (300 MHz, CDCl3): δ = 8.43 (s, 1H, H-4), 7.30-7.79(m, 5H, aromatic 
protons), 6.25(m, 1H, H-2), 5.32 (m, 2H, H-3), 4.43 (m, 2H, H-1) ppm. 
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13C NMR (75 MHz, CDCl3): δ = 162.34 (C4), 136.63 (C5), 134.78 (C2), 131.07 (C8), 
129.38 (C6 and C6’), 128.96 (C7 and C7’), 116.38 (C3), 63.87 (C1) ppm. 
 
The data obtained is in accordance with the published data122. 
 
6.3.2 Preparation of N-Benzylprop-2-en-1-amine (75) 
 
N
75
1
2
34
5
6
7
8 H
6'
7' Mol. Formula : C10H13N
Mol. Wt.: 147.22
 
The prepared imine 74 (approx. 0.20 mol) was dissolved in methanol (100 mL) 
and cooled to 0oC. Sodium borohydride (0.10 mol, 3.78 g) was added portion wise 
and the reaction was stirred at room temp. for 3h. The solvent was evaporated and 
the residue taken up in diethyl ether (100 mL) and washed with sat. NaHCO3 (100 
mL). The organic layer was separated and the aqueous layer was extracted again 
with diethyl ether (2 x 100 mL). The combined organic layers were dried (Na2SO4), 
and concentrated under vacuo. Further distillation of the crude product afforded 
the amine 75 (26.53 g, 0.18 mol) in 90% yield. The analytical data obtained for the 
amine 75 are as follows: 
 
Boiling point: 47 oC / MPV 
 
1H NMR (300 MHz, CDCl3): δ = 7.41-7.37 (m, 5H, aromatic protons), 5.91 (ddt, J = 
17.2 Hz, J = 10.0 Hz, J = 6.0 Hz, 1H, H-2), 5.17-5.08 (br dd, J = 17.2 Hz, J = 10.6 
Hz, 2H, H-3), 3.76 (s, 2H, H-4), 3.25 (m, 2H, H-1), 1.39 (br s, NH proton) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 140.73, 137.25, 128.57, 127.32, 126.91, 116.41, 
53.67, 52.18 ppm. 
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EI MS m/z (relative intensity): 147 (22.70, M+), 120 (5.87, M+-C2H3), 91 (100, 
C7H7+), 70 (18.06, C6H5+), 56 (27.82, C3H6N+) 
 
The data obtained is in accordance with the published data123. 
 
6.3.3 Synthesis of N-Benzyl-N-(2-methylprop-1-enyl)prop-2-en-1-amine 
57c 
 
N
57c
Mol. Formula :C14H19N
Mol. Wt.: 201.31
1
2
34
5
6
7
8
9
10
11 9'
10'
7'
 
A solution of 14.70 g (100 mmol) of iso-butyraldehyde, 7.20 g (100 mmol) of amine 
75 and 0.38 g (2 mmol) of p-toluenesulfonic acid in 200 mL of CH2Cl2 was heated 
under reflux with azeotropic removal of water until the evolution of water stopped 
(approx. 4h). The crude product on further distillation afforded the enamine 57c 
(7.77 g, 38 mmol) in 79% yield. The analytical data recorded for the compound 
57c are as shown below.  
 
Boiling point: 82 oC / MPV 
 
1H NMR (300 MHz, CDCl3): δ = 7.32-7.01 (m, 5H, aromatic protons), 5.82 (m, 1H, 
H-2), 5.80 (s, 1H, H-5) 5.20 (m, 2H, H-3), 4.11 (s, 2H, H-4), 3.32 (m, 2H, H-1), 
1.93 ( s, 3H, H-7 or H-7’), 1.86 (s, 3H, H-7 or H-7’) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 140.16, 139.60, 136.68, 134.73, 128.57, 127.96, 
126.86, 115.9, 58.89, 51.64, 20.04, 17.54 ppm. 
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EI MS m/z (relative intensity):  201 (16.83, M+), 186 (32.86, M+-CH3), 160 (8.60, 
M+-C3H5), 146 (6.37, M+-C4H7), 119 (3.42, C8H9N+), 110 (11.91, C7H12N+), 91 
(100.00, C7H7+), 77 (7.0, C6H5+), 69 (14.96, C4H7N+) 
 
HRMS (ESI) m/e calcd. for: C14H19NH(M+H) 202.1590, found: 202.1594. 
 
6.3.4 Synthesis of N-Allyl-N-Benzylcyclopent-1-enamine (57d) 
 
N
57d
1
2
3
4
5
67
8
9
Mol. Formula : C15H19N
Mol. Wt.: 213,32
1011
11'
12
12'
13
 
60 mmol (8.82 g) of amine 75, 180 mmol (16 mL) of cyclopentanone and 3.0 mmol 
(0.57 g) of p-toluenesulfonic acid were dissolved in 200 mL toluene. This solution 
was initially heated under reflux for 4h. The water generated in the reaction was 
removed by distillation of an azeotrop. Final distillation of the crude product gave 
the enamine 57d (8.79 g, 46 mmol) in 70% yield. The analytical data obtained for 
this compound are as shown below: 
 
Boiling point: 98oC / OPV 
 
1H NMR (400 MHz, CDCl3): δ = 7.20 - 7.11 (m, 5H, aromatic protons), 5.86 (m, 
1H, H-2), 5.22 - 5.11 (m, 2H, H-3), 4.29 (br s, 1H, H-5), 4.25 (s, 2H, H-9), 3.66 (d, 
J = 5.8 Hz, 2H, H-1), 2.53 (m, 2H), 2.40 (m, 2H), 1.97 (m, 2H) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 150.03, 139.56, 134.74, 128.29, 127.31, 126.62, 
116.27, 94.2, 53.52, 52.66, 37.82, 29.44, 22.70 ppm. 
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EI MS m/z (relative intensity):  214 (1.09, M++H), 186 (7.67, M+-C2H3), 172 (2.54, 
M+-C3H5), 146 (19.94, C10H12N+), 91 (100, C7H7+), 77 (C6H5+). 
 
6.3.5 Preparation of N-Benzyl-N-(2-chloro-2-methylpropyl)prop-2-en-1-
amine (81) 
 
1
2
34
5 6 7
7'
N
Cl
81
Mol. Formula : C14H20ClN
Mol. Wt.: 237.77
10
11
8
9
9'
10'
 
3.0 mmol (0.603 g) of enamine 57c were added to a solution of 9.0 mmol (2.457 g) 
of MoCl5 in dichloromethane (20 mL) at 0oC. After stirring the reaction mixture for 
30 min, 12 mmol (0.453 g) of NaBH4 were added in portions followed by 5 mL 
MeOH. The solution was allowed to stir for 12 h at the same temperature. After 
quenching with saturated NaHCO3 solution (20 mL) the aqueous layer was 
extracted with CH2Cl2 (3 x 20 mL). Subsequent treatment with brine, anhydrous 
Na2SO4, and concentration of the organic fraction provided the crude product. This 
was further purified by flash chromatography on silica gel (eluent used: 
pentane/diethyl ether) to afford the tertiary amine 81 (408 mg, 1.7 mmol) in 57% 
yield. The analytical data obtained for this compound are as shown below. 
 
1H NMR (400 MHz, CDCl3): δ = 7.31-7.10 (m, 5H, aromatic protons), 5.76 (m, 1H, 
H-2), 5.02 (m, 2H, H-3), 3.45 (s, 2H, H-4), 2.93 (d, J = 7.5 Hz, 2H, H-1), 2.08 (s, 
2H, H-5), 0.80 (s, 3H, H-7 or H-7’), 0.78 (s, 3H, H-7 or H-7’) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 140.14, 136.37, 128.74, 128.02, 126.57, 116.74, 
62.00, 58.62, 57.10, 26.24, 20.80 ppm.  
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EI MS m/z : 237 (M+), 160 (M+ - C3H6Cl), 91 (C7H7+), 65 (C5H5+) 
 
6.4 Synthesis and Reactions of (E)-N,N-Diethyl-3,7-dimethylocta-
1,6-dien-1-amine 85 
 
6.4.1 Preparation of (E)-N,N-Diethyl-3,7-dimethylocta-1,6-dien-1-amine 
(85) 
 
N
85
1
2
3
4
5
6
7
8
9
10
11
9'
10'
8'
Mol. Formula : C14H27N
Mol. Wt.: 209.37
 
A solution of 30.80 g (200 mmol) of citronellal, 29.20 g (400 mmol) of diethyl 
amine, and 1.90 g (9.5 mmol) of p-toluenesulfonic acid in 300 mL of CH2Cl2 was 
was heated under reflux with azeotropic removal of water until the evolution of 
water stopped (about 4 hours). The crude product obtained on further distillation 
gave (29.83 g, 142 mmol) 71% of enamine 85. The analytical data of enamine 85 
is as follows: 
 
Boiling Point: 120oC / MPV 
 
1H NMR (300 MHz, CDCl3): δ = 5.81 (dd, J = 14.5 Hz, J = 0.5 Hz, 1H, H-1), 5.04 
(br t, J = 7.3 Hz, 1H, H-6), 3.97 (dd, J = 14.3 Hz, J = 8.1 Hz, 1H, H-2), 2.84 (q, J = 
7.1 Hz, 4H, H-9 and H-9’), 1.90 (m, 3H, H-3 and H-5), 1.60 (br s, 3H, H-8 or H-8’) 
1.51 (br s, 3H, CH3, H-8 or H-8’), 1.17 (m, 2H, H-4), 0.97 (t, J = 7.8 Hz, 6H, H-10 
and H-10’), 0.90 (d, J = 7.8 Hz, 3H, H-11) ppm. 
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13C NMR (75 MHz, CDCl3): δ = 136.15, 131.05, 125.67, 105.42, 44.83, 39.31, 
35.43, 26.47, 26.06, 23.09, 18.01, 12.52 ppm. 
 
EI MS m/z (relative intensity): 209.2 (16.02, M+), 194.1 (9.48, M+-CH3), 180.1 
(1.01, M+-C2H5), 154.1 (8.53, M+-C4H7, cleavage at C5-C6), 126.1 (100.0, M+-
C6H11, cleavage at C3-C4), 110.1 (17.14, M+-C6H13N, cleavage at C2-C3), 95.1 
(27.30, C7H11+), 86.1 (31.06), 69.0 (47.77), 55.0 (32.86, C4H7+) 
The data is in accordance with the published data124. 
 
6.4.2 Cyclization of Enamine 85 using CuCl2 
Enamine 85 (1.04 g, 5.0 mmol) was added to a solution of CuCl2 (2.02 g, 1.5 
mmol) in 25 mL of THF/MeOH (4:1) at room temperature. After stirring the reaction 
mixture for 4 h, NaBH4 (0.57 g, 1.5 mmol) was added in portions. The reaction was 
allowed to stir overnight at room temp. and was quenched with 25% aqueous 
solution of sodium hydroxide (20 mL).  The solvent was removed in vacuo and the 
residue was taken up in 50 mL diethyl ether. After separation of the layers, the 
aqueous layer was extracted twice with 50 mL of diethyl ether. The combined 
organic layer were dried with sodium sulfate and the solvent was removed in 
vacuo. The residue was subjected to flash chromatography to afford two products: 
tertiary amine 91 and bicyclic acid 92 in 22% and 31% yield respectively. The 
analytical data obtained for both these products are as shown below: 
 
N1
23
4
5
6
78
9
10
11
11'
12
12'
91
Mol. Formula : C14H27N
Mol. Wt.: 209.37
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1H NMR (400 MHz, CDCl3): δ = 4.68 (d, J = 10.6 Hz, 2H, H-7), 2.48 (m, J = 7.1 
Hz, 2H, H-11 or H-11’), 2.39 (m, J = 7.1 Hz, 2H, H-11 or H-11’), 2.28 (m, J = 5.4 
Hz, 2H, H-10), 2.12 (m, 1H, H-5), 1.70 (s, 3H, H-8), 1.68 (m, 1H,  H-2), 1.52 (m, 
2H, H.4), 1.38 (m, 1H, H-1), 1.24 (m, 2H, H-3), 1.05 (d, J = 6.6 Hz, 3H, H-9), 0.96 
(t, J = 7.1 Hz, 6H, H-12 and H-12’) ppm. 
13C NMR (400 MHz, CDCl3): δ = 148.55 (C6), 109.22 (C7), 58.25 (C10), 53.14 (C5), 
48.35 (C1), 47.23 (C11 and C11'), 39.48 (C2), 33.33 (C3), 29.81 (C4), 20.86 (C9), 
19.68 (C8), 11.47 (C12 and C12') ppm. 
 
ESI MS: 210.22 (M++H) 
 
HRMS (ESI) m/e calcd for:  C14H28N+ (M+H) 210.22163, found: 210.22380. 
 
1
23
4
5 6
7
8
9
7'
O
OH
92
Mol. Formula : C10H16O2
Mol. Wt.: 168.23
 
1H NMR (400 MHz, CDCl3): δ = 11.31 (br s, 1H, proton from –COOH group), 2.78 
(m, 1H, H-2), 2.02 (m, 2H, one proton each from H-3 and H-4), 1.74 (m, 1H, H-4), 
1.67 (d, J = 5.8 Hz, 1H, H-5), 1.29 (br s, 3H, H-7 or H-7’), 1,23 (d, J = 6.9 Hz, 3H, 
H-9), 1.21 (br s, 3H, H-7 or H-7’), 1.20 (m, 1H, H-3) ppm. 
 
13C NMR (400 MHz, CDCl3): δ = 181.27 (C8), 45.09 (C1), 38.92 (C5), 37.85 (C2), 
34.72 (C3), 30.99 (C6), 24.93 (C4), 24.24 (C7 or C7'), 18.99 (C7 or C7'), 17.00 (C9) 
ppm. 
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EI MS m/z (relative intensity): 168 (100.00, M+), 153.1 (53.84, M+ - CH3), 135 
(34.86, M+ - CH3 and H2O), 123(95.71, M+ - COOH), 107 (69.45, C8H11+), 93 
(26.88, C7H9+), 81 (66.89, C6H9+) ppm. 
 
Anal. Calcd. for C10H10O2: C, 71.39; H,9.59;  found: C, 71.35; H, 9.64 
 
Both these structure was also confirmed by the data obtained from 2D-NMR 
analyses. 
 
6.4.3 Preparation of Ferrocenium Hexafluorophosphate 32125 
 
Fe PF6
32
 
Ferrocene (11.16 g, 60 mmol) was added to concentrated H2SO4 (20 mL) and the 
mixture was stirred for 45 min. The blue-black reaction mixture was slowly added 
to a solution of t-BuOH (10.00 g) in H2O (350 mL), stirred for 15 min, and filtered. 
At 0 °C, KPF6 (22.00 g, 120 mmol), dissolved in H2O (470 mL), was added to the 
filtrate and the mixture was stirred for 60 min at 0 °C. The blue precipitate was 
filtered, washed twice with 40 mL ice-cold H2O, 100 mL EtOH, and ether until the 
ether remained colorless. Drying for 12h in vacuo, yielded (8.46 g) 85% of the 
required product as a blue powder. The formation of this product was confirmed by 
its elemental analysis. 
Anal. Calcd. for C10H10F6FeP: C, 36.29; H,3.05;  found: C, 35.91; H, 3.11 
  
6.4.4 Cyclization of Enamine 85 with (C5H5)2FePF6 
To a solution of ferrocenium hexafluorophosphate (4.96 g, 15 mmol) in THF (20 
mL) enamine 85 (1.04 g, 5.0 mmol) was added at room temperature. After stirring 
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for 4h, NaBH4 (0.569 g, 15 mmol) was added in portions at 0oC. The mixture was 
stirred at room temperature overnight and quenched with a saturated solution of 
NH4Cl. The reaction mixture was diluted with diethyl ether (50 mL). The organic 
layer was separated and the aqueous layer was extracted twice with diethyl ether 
(50 mL). The combined organic layers were dried with sodium sulfate and solvent 
was removed in vacuo. The residue was purified by flash chromatography to give 
the tertiary amine 91 (0.673 g, 3.2 mmol) in 64% yield. The analytical data of this 
compound is mentioned above in 6.4.2.   
 
6.4.5 Cyclization of Enamine 85 with MoCl5 
 
1
2
3
4 5
6
7
8
9
7'
Cl O
H
104
Mol. Formula : C10H17ClO
Mol. Wt.: 188.69
 
MoCl5 (1.638 g, 6.0 mmol) was dissolved in anhydrous CH2Cl2 (20mL) under an 
inert atmosphere at 0oC. Enamine 85 (0.418 g, 2.0 mmol) was added and the 
reaction mixture was stirred for 30 min at 0oC. After quenching with saturated 
NaHCO3 solution (20 mL), the aqueous layer was extracted with CH2Cl2 (3 x 50 
mL). The combined organic layers were treated with brine, and dried over 
anhydrous Na2SO4. Concentration of the organic fraction under vacuo provided 
the crude product, which was further purified by column chromatography on silica 
gel (eluent used: pentane: tert-butylmethylether) to afford aldehyde 108 (0.278 g, 
1.48 mmol) in 74% yield. The analytical data obtained for this compound are as 
shown below 
 
1H NMR (400 MHz, CDCl3): δ = 9.59 (d, J = 3.6 Hz, 1H, H-9), 2.55 (m, 1H, H-2), 
2.35 (ddd, J = 3.5Hz, J = 8.8Hz, 1H, H-1 ), 2.09 (m, 1H, H-5), 1.76 (m, 2H, H-3), 
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1.75 (m, 1H, H-4), 1.47 (s, 3H, H-7 or H-7’), 1.42 (s, 3H, H-7 or H-7’), 1.32 (m, 1H, 
H-4), 1.03 (d, J = 7.2 Hz, 3H, H-8) ppm. 
  
13C NMR (100 MHz, CDCl3): δ = 203.32 (C9), 73.02 (C6), 62.17 (C1), 53.33 (C2), 
37.51 (C5), 34.28 (C4), 31.91 (C7 or C7'), 30.93 (C7 or C7'), 28.00 (C3), 18.92 (C8) 
ppm. 
 
EI MS m/z (relative intensity):  153 (3.65, M+-Cl), 152 (13.86, M+-HCl), 124 
(10.95, M+-CHO and Cl), 123 (93.39, M+-CHO and HCl), 109 (31.23, M+-
CHO,HCl,CH3), 93 (27.19, M+-CHO,HCl,CH2CH3), 81 (100.00, C6H9+), 67 (26.92, 
C5H7+), 55 (20.01, C4H7+), 41 (24.56, C3H5+). 
 
The structure of this aldehyde was also confirmed by the data obtained from 2D-
NMR analyses as well as from the analytical data of its hydrazone derivative 
(104a) prepared by a standard procedure which are shown below: 
 
Cl
N
H
N
NO2
NO2
1
2
3
4 5
6
7
7'
8
9
10 11
12
1314
15
104a
Mol. Formula : C16H21ClN4O4
Mol. Wt.: 368.82
 
Melting Point: 147 oC. 
 
1H NMR (400 MHz, CDCl3): δ = 10.96 (s, 1H, proton from NH group), 9.03 (d, J = 
2.5 Hz, 1H, H-12), 8.22 (dd, J=9.6 Hz, J = 2.5 Hz, 1H, H-14), 7.86 (d, J = 9.6 Hz, 
1H, H-15), 7.40 (d, J = 7.0 Hz, 1H, H-9), 2.42 (m, 1H, H-1), 2.37 (m, 1H, H-2), 1.93 
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(m, 1H, H-5), 1.83 (m, 3H, H-3 and H-4), 1.51 (s, 3H, H-7 or H-7’), 1.49 (s, 3H, H-7 
or H-7’), 1.32 (m, 1H, H-4), 0.99 (d, J = 6.4 Hz, 3H, H-8) ppm. 
13C NMR (100 MHz, CDCl3): δ = 155.75 (C9), 145.07 (C10), 137.65 (C13), 129.91 
(C14), 128.81 (C11), 123.49 (C12), 116.51 (C15), 73.87 (C6), 56.11 (C2), 53.06 (C1), 
40.63 (C5), 33.85 (C4), 31.95 (C7 or C7'), 31.23 (C7 or C7'), 28.12 (C3), 18.16 (C8) 
ppm. 
EI MS m/z (relative intensity): 370 (3.14, M+ = C16H2137ClN4O4), 368 (8.72, M+ = 
C16H2135ClN4O4), 332 (21.88, M+ - HCl), 317 (12.69, M+ - HCl and CH3), 183 
(19.23, C6H5N3O4+), 148 (48.87), 134 (75.33), 121 (42.54, C6H3NO2+), 107 
(100.00), 93 (67.68), 81 (52.51, C6H9+), 77 (28.90), 55 (23.14, C4H7+), 41 (32.60, 
C3H5+). 
 
HRMS (EI) m/e calcd for: C16H21ClN4O4 368.12513, found: 368.12596. 
Anal. Calcd. for C16H21ClN4O4: C, 52.10; H, 5.74; N, 15.19, found: C, 52.25; H, 
5.50; N, 15.06. 
 
6.4.6 Cyclization of Enamine 85 using MoCl5 Followed by Reduction 
with NaBH4 
 
Cl
N1
2
3
4 5
6
7
7'
8
9
10
10'
11
11'
101
Mol. Formula : C14H28ClN
Mol. Wt.: 245.83
 
Enamine 85 (0.418 g, 2.0 mmol) was added to a solution of MoCl5 (1.638 g, 6.0 
mmol) in anhydrous CH2Cl2 (20 mL) under an inert atmosphere at 0oC. After 
stirring the reaction for 30 min, 10 mL MeOH were added followed by NaBH4 (12 
mmol, 0.444 g) which was added in portions.  After quenching with saturated 
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NaHCO3 solution (20 mL), the aqueous layer was extracted with CH2Cl2 (3 x 50 
mL). The combined organic layers were treated with brine, dried over anhydrous 
Na2SO4 and the solvent was removed in vacuo. The residue was purified by flash 
chromatography to give tertiary amine 101 (0.362 g, 1.47 mmol) in 74% yield. The 
analytical data obtained for this compound are as shown below:  
 
1H NMR (400 MHz, CDCl3): δ = 2.55 (m, 2H, H-10 or H-10’), 2.34 (m, 2H, H-10 or 
H-10’), 2.27 (m, 1H, H-9), 2.17 (m, 1H, H-9), 1.94 (m, 1H, H-5), 1.64 (m, 5H), 1.50 
(s, 3H,  H-7 or H-7’), 1.48 (s, 3H, H-7 or H-7’), 1.25 (m, 1H), 0.96 (d, J = 7.11, 3H, 
H-8), 0.94 (t, J = 7.2 Hz, 6H, H-11 and H-11’) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 74.72 (C6), 60.45 (C9), 57.46 (C1), 46.99 (C10 and 
C10'), 46.62 (C2), 38.98 (C5), 33.25 (C3), 31.97 (C7 or C7'), 31.30 (C7 or C7'), 28.11 
(C4), 21.06 (C11 and C11'), 11.55 (C8) ppm. 
 
EI MS m/z (relative intensity): 246 (0.78, M++H), 210 (4.16, M+-Cl), 194 (1.14), 
86 (100.00, C5H12N+), 72 (1.57, C4H10N+), 58 (5.14). 
 
Anal. Calcd. for C14H28ClN: C, 68.40; H, 11.48; N, 5.70, found: C, 68.46; H, 
11.60; N, 5.56. 
6.4.7 Cyclization of Enamine 85 using MoCl5 Followed by addition of 
Grignard Reagent 
 
N1
23
4
5
6
7
8
9
7'
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11'
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12'
169
Mol. Formula : C21H33N
Mol. Wt.: 299.49
13
14 15
1614'
15'
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2.45g (9.0 mmol) MoCl5 were dissolved in anhydrous CH2Cl2 (30 mL) under an 
inert atmosphere at 0oC. To this mixture 0.627g (3.0 mmol) of enamine 85 were 
added. The reaction mixture was allowed to stir for 30 min at 0oC. Subsequently, 
60 mmol (20 eq.) of benzylmagnesiumbromide prepared from 60 mmol (10.35g) of 
benzyl bromide and 60 mmol (1.44 g) of magnesium in diethyl ether were added 
dropwise. The reaction was further stired at room temperature for 6h. After 
quenching with saturated NaHCO3 solution (20 mL), the aqueous layer was 
extracted with CH2Cl2 (3 x 50 mL). The combined organic layers were dried over 
anhydrous Na2SO4, concentrated, and purified by column chromatography on 
silica gel (eluent used: pentane: tert-butylmethylether) yielding (0.636 g, 2.1 mmol) 
71% of compound 169. The analytical data obtained for this compound are as 
shown below:   
 
1H NMR (400 MHz, CDCl3): δ = 7.25-7.01 (m, 5H, aromatic protons), 2.99 (m, 1H, 
H-9), 2.66 (dd, J = 9.0 Hz, 4.8 Hz, 1H, H-10), 2.47 (m, 6H, H-1, H-10, H-11 and H-
11’), 2.22 (m, 1H, H-4), 2.09 (m, 2H, H-2 and H-4), 1.86 (m, 1H, H-3), 1.66 (s, 3H, 
H-7 or H-7’), 1.56 (s, 3H, H-7 or H-7’), 1.14 (m, 1H, H-3), 0.80 (d, J = 6.9Hz, 3H, 
H-8), 0.79 (t, J = 7.0 Hz, 6H, H-12 and H-12’) ppm. 
 
13C NMR (100 MHz, CDCl3): δ 142.44, 129.06, 127.8, 125.5 (all aromatic carbon), 
138.94 (C5), 122.46 (C6), 64.78 (C9), 52.70 (C1), 43.87 (C11 and C11'), 36.29 (C2), 
35.08 (C10), 32.42 (C3), 29.34 (C4), 22.15 (C8), 21.80 (C7 or C7'), 21.68 (C7 or C7'), 
14.63 (C12 and C12') ppm. 
 
EI MS m/z (relative intensity): 299 (0.23, M+), 284 (0.15, M+ - CH3), 226 (0.82, M+ 
- C4H11N), 212 (9.94), 208 (5.74), 176 (100.00, PhCH2CHNC4H10+), 148 (11.81, 
PhCH2CH2NC2H5+), 123 (1.11, M+ - PhCH2CHNC4H10), 105 (12.59, PhCH2CH2+), 
91 (12.06, PhCH2+), 77 (5.38, C6H5+), 65 (1.77, C5H5+), 43 (1.15, C3H7+). 
 
HRMS (EI) m/e calcd for: C21H33N, 299.2613, found: 299.26162. 
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Anal. Calcd. for C21H33N: C, 84.22; H, 11.11; N, 4.68  found: C, 83.83; H, 11.11; 
N, 4.53. 
 
The structure of this compound was also confirmed by the data obtained from 2D- 
NMR analysis. 
 
6.5 Synthesis and Reactions of 1-((E)-7-Methylocta-1,6-dienyl) 
pyrrolidine (103) 
 
6.5.1 Preparation of 1-((E)-7-Methylocta-1,6-dienyl)pyrrolidine (103) 
 
1
2
3
4
5
6
7
8
9
10 11
11'
8'
N
103
10'
Mol. Formula : C14H25N
Mol. Wt.: 207.35
 
100 mmol (15.42 g) of citronellal, 150 mmol (10.71 g) of pyrrolidine and 5 mmol (0.95 
g) of p-toluenesulfonic acid were taken up in 250 mL of benzene. This solution was 
heated under reflux with azeotropic removal of water until the evolution of water 
stopped (about 6 h). The crude product obtained was distilled under vacuum at 96oC 
(1 mbar) which gave 12.83 g (62%) of enamine 103. The analytical data obtained for 
this compound are as follows: 
 
1H NMR (300 MHz, CDCl3): δ = 6.12 (d, J = 14.43 Hz, 1H, H-1), 5.00 (br t, J = 7.10 
Hz, 1H, H-6), 4.01 (dd, J = 14.19 Hz, J = 8.51 Hz, 1H, H-2), 2.93 (m, 4H, H-10 and 
H-10’), 1.96 (m, 3H, H-3 and H-5), 1.81 (m, 4H, H-11 and H-11’), 1.66 (br s, 3H, H-
8 or H-8’) 1.57 (br s, 3H, H-8 or H-8’), 1.25 (m, 2H, H-4), 0.96 (d, J = 7.61 Hz, 3H, 
H-9) ppm. 
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13C NMR (300 MHz, CDCl3): δ = 134.21, 130.34, 125.71, 105.52, 49.04, 38.80, 
34.49, 25.91, 25.57, 24.65, 22.51, 17.58 ppm. 
 
EI MS m/z (relative intensity): 207.2 (10.84), 192.2 (5.68), 164.2 (7.53), 150.1 
(5.09), 124.1 (100.0), 110.1 (9.24), 84.1 (13.02), 70.1 (9.09) 
 
6.5.2 Cyclization of Enamine 103 using (C5H5)2FePF6 
 
N1
23
4
5
67 8
9
10
11
11'
12
12'
105
Mol. Formula : C14H25N
Mol. Wt.: 207.35
 
To a solution of ferrocenium hexafluorophosphate (1.98 g, 6.0 mmol) in THF (20 
mL) enamine 103 was added (0.414 g, 2.0 mmol) at room temperature. After 
stirring the reaction for 4h, 10 mL of MeOH were added followed by NaBH4 (0.378 
g, 10 mmol) which was added in portions at 0oC. The resulting mixture was stirred 
at room temperature overnight, quenched with a saturated solution of NH4Cl and 
extracted with diethyl ether (3 x 50 mL). The combined organic layers were dried 
with sodium sulfate and the solvent was removed in vacuo. The residue was 
purified by flash chromatography to give the tertiary amine 105 (0.271 g, 1.3 
mmol) in 66% yield. The analytical data obtained for this compound are as shown 
below:  
 
1H NMR (600 MHz, CDCl3): δ = 4.60 (d, J = 10.4 Hz, 2H, H-8), 2.48 (m, 4H, H-11 
and H-11’), 2.43 (dd, J = 5.4 Hz, J = 1.9 Hz, 1H, H-10), 2.27 (dd,  J = 5.4 Hz, J = 
1.8 Hz, 1H, H-10), 2.13 (q, J = 6.0 Hz, 1H, H-5), 1.74 (m, 2H, one proton each 
from H-2 and H-3), 1.70 (m, 4H, H-12 and H-12’), 1.65 (m, 1H,  H-4), 1.60 (s, 3H, 
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H-7), 1.49 (m, 2H, H-1 and H-4), 1.23 (m, 1H, H-6), 1.03 (d, J = 7.0 Hz, 3H,  H-9) 
ppm. 
 
13C NMR (150 MHz, CDCl3): δ = 148.23 (C6), 109. 52 (C8), 61.20 (C10), 54.84 (C11 
and C11’), 53.08 (C5), 49.44 (C1), 39.38 (C2), 33.6 (C3), 30.41 (C4), 23.25 (C12 and 
C12’), 21.3 (C9), 19.8 (C7) ppm.  
 
HRMS (EI) m/e calcd for: C14H25NH (M+H), 208.2065, found: 208.2060. 
 
The structure of this compound was also confirmed by the data obtained from 2D-
NMR analyses.  
 
6.5.3 Cyclization of Enamine 103 using MoCl5 
 
1
2
3
4 5
6
7
8
9
7'
Cl O
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104
Mol. Formula : C10H17ClO
Mol. Wt.: 188.69
 
6.0 mmol MoCl5 (1.638 g) were dissolved in anhydrous CH2Cl2 (20mL) under an 
inert atmosphere at 0oC. 2.0 mmol (0.414 g) of enamine 103 were added and the 
reaction was allowed to stir for 30 min at 0oC. The resulting mixture was quenched 
with saturated NaHCO3 solution (20 mL) and the aqueous layer was extracted with 
CH2Cl2 (3 x 50 mL). The combined organic layers were washed with brine, and 
dried over anhydrous Na2SO4. Concentration of the organic fraction under vacuo 
provided the crude product, which was further purified by column chromatography 
on silica gel (eluent used: pentane: tert-butylmethylether) to afford aldehyde 104 
(0.253 g, 1.34 mmol) in 67% yield. The analytical data obtained for this compound 
are as shown above 6.4.5. 
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6.6 Synthesis of (E)-N,N-Diethylhepta-1,6-dien-1-amine 106 
 
6.6.1 Preparation of Hept-6-enal (111) by Oxidative Cleavage of γ-
Hydroxy Silanes (113) 
 
6.6.1.1 Preparation of 2-((trimethylsilyl)methyl)cyclohexanol 113 
A solution of 20 mmol of trimethylsilyl methyl magnesium iodide 112 in 20 mL of 
diethyl ether was prepared from 20 mmol (4.26 g) of iodimethyltrimethyl silane and 
30 mmol (0.69 g) of magnesium. This solution was added dropwise to the reaction 
mixture containing 13 mmol (1.27 g) cyclohexene oxide and 1.3 mmol (0.247 g) of 
CuI in THF (20 mL) at -20oC.  The resulting solution was stirred for 2h, and then 
carefully quenched by dropwise addition of a saturated solution of NH4Cl (25 mL). 
The reaction mixture was further diluted with diethyl ether (50 mL). The organic 
layer was separated and the residue was extracted two times with diethyl ether (50 
mL each). The combined organic layers were dried with sodium sulfate, and the 
solvent was removed under vacuo. Flash chromatography of the residue gave two 
products 2-((trimethylsilyl)methyl)cyclohexanol 113 (1.352 g, 7.2 mmol) and 2-iodo 
cyclohexanol 114 (1.124 g, 5.0 mmol)  in 60% and 38% yield respectively. The 
analytical data obtained for both these compounds are as shown below:  
 
OH
Si
1
2
3
4
5
6
7
8
8'
8''
113
Mol. Formula : C10H22OSi
Mol. Wt.: 186.37
 
1H NMR (400 MHz, CDCl3): δ = 3.07 (dt, J = 3.8 Hz, J = 9.7 Hz, 1H, H-1), 1.95 -
1.54 (m, 5H), 1.32 – 0.88 (m, 6H), 0.26 (dd, J = 10.3 Hz, J = 14.5 Hz, 1H), 0.003 
(s, 9H, H-8, H-8’ and H-8’’) ppm. 
 
 
Experimental section 
 
 105
13C NMR (100 MHz, CDCl3): δ = 76.68 (C1), 42.02 (C6), 35.26 (C2), 33.37 (C5), 
25.76 (C3), 25.01 (C2), 19.91 (C7), -0.49 (C8, C8’ and C8’’) ppm. 
 
MS EI: 169 (M+-OH), 153 (M+-H2O and Me), 95 (M+- H2O and SiMe3), 81 (C6H11+), 
73 (SiMe3+), 55 (C4H7+).  
 
These data are in accordance with the published data126. 
 
OH
I
1
2
3
4
5
6
114
Mol. Formula : C6H11IO
Mol. Wt.: 226.06
 
1H NMR (400 MHz, CDCl3): δ = 4.02 (m, 1H, H-1), 3.63 (dt, J = 4.6 Hz, J = 10.2 
Hz, 1H, H-6), 2.43 (m, 1H), 2.30 (br s, 1H, OH proton), 1.95- 2.20 (m, 2H), 1.92-
1.80 (m, 1H), 1.60-1.20 (m, 4H) ppm. 
  
13C NMR (100 MHz, CDCl3): δ = 75.90, 43.20, 38.57, 33.71, 27.92, 24.39 ppm. 
 
EI MS m/z (relative intensity): 226 (2.87, M+), 99 (20.10, M+-I), 81 (100.00, M+-
H2O and I) 
 
These data are in accordance with the published data127. 
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6.6.1.2 Preparation of Hept-6-enal by the Cleavage of γ-Hydroxy Silane 
(113) using Cerium Ammonium Nitrate (CAN) 
 
O
1
2
3
4
5
6
7
111
Mol. Formula : C7H12O
Mol. Wt.: 112.17
 
To a solution of 18.0 mmol (9.86 g) of CAN in 100 mL acetonitrile, 6.0 mmol (1.12 
g) of 2-((trimethylsilyl)methyl)cyclohexanol 113  were added and the reaction was 
kept for stirring at room temperature. After 14 h, the solvent was removed and the 
reaction was diluted with pentane and water. The layers were separated and the 
aqueous layer was extracted with pentane (3 x 50 mL). The combined organic 
layers were washed with brine, dried over Na2SO4 and concentrated in vacuo. The 
crude product was further purified by flash chromatography (eluent: pentane) 
which gave hept-6-enal 111 (0.108 g, 0.90 mmol) in 16% yield. The analytical data 
obtained for this compound are as shown below:  
 
1H NMR (300 MHz, CDCl3): δ = 9.72 (t, J = 1.9 Hz, 1H, H-1), 5.73 (ddt, J = 16.7 
Hz, J = 10.1 Hz, J = 6.8 Hz, 1H, H-6), 4.93 (m, 2H, H-7), 2.38 (td, J = 7.3Hz, J = 
1.7Hz, 2H, H-2), 2.02 (qt, J = 7.2 Hz, J = 1.3 Hz, 2H, H-5), 1.06 (m, J = 7.8 Hz, 2H, 
H-3), 1.37 (m, J = 7.7 Hz, 2H, H-4) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 202.39 (C1), 138.21 (C6), 114.76 (C7), 43.65 (C2), 
33.35 (C5), 28.29 (C3), 21.55 (C4) ppm. 
 
EI MS m/z: 112.1 (M+), 94.1 (M+-H2O), 79 (M+- H2O and CH3), 68.1 (M+-C2H4O), 
55.0 (M+-C3H5O). 
 
These data are in accordance with the published data128.  
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6.6.2 Synthesis of Hept-6-enal from 1,6-Hexandiol using TBDMS 
as Protecting Group 
 
6.6.2.1 Monoprotection of 1,6-Hexandiol by TBDMSCl using Imidazole 
as a Base 
 
HO
O
Si
1
2
3
4
5
6
7
7'
8
9
9'
9"
117a
Mol. Formula : C12H28O2Si
Mol. Wt.: 232.44
 
A solution of TBDMSCl (4.95 g, 33 mmol) in CH2Cl2 (20 mL) was added dropwise 
over 30 min to a stirred solution of 1,6-hexandiol (3.54 g, 30 mmol) and imidazole 
(3.06 g, 45 mmol) in CH2Cl2 (50 mL). After stirring for 14h at room temperature, 
distilled water (100 mL) was added. The aqueous layer was extracted with diethyl 
ether (3 x 100 mL). The combined organic layers were dried with Na2SO4 and the 
solvent was removed in vacuo. The residue obtained was further purified by flash 
chromatography which gave the monoprotected diol 117a (2.28 g, 9.8 mmol) in 
33% yield. The analytical data obtained for this compound are as shown below: 
 
1H NMR (400 MHz, CDCl3): δ = 3.66 (t, J = 6.54 Hz, 2H, H-1 or H-6), 3.62 (t, J = 6.59 
Hz, 2H, H-1 or H-6), 1.56 (m, 4H, H-2 and H-5), 1.35 (m, 4H, H-3 and H-4), 0.90 (br s, 
1H, proton from hydroxyl group), 0.88 (s, 9H, H-9, H-9’ and H-9’’), 0.03 (s, 6H, H-7 
and H-7’) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 63.14 (C1), 62.88 (C6), 32.77 (C2), 32.76 (C5), 25.95 
(C9, C9’ and C9’’), 25.61 (C3), 25.53 (C4), 18.3 (C8), -5.29 (C7 and C7’) ppm. 
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EI MS m/z (relative intensity): 331 (0.33, M-H), 315 (0.15), 289.1 (11.5), 262.1 
(96.44), 231 (4.33), 213 (16.35), 183 (55.21), 171 (74.53), 127 (62.20), 108 (21.6), 75 
(100.00), 55 (70.66). 
 
Anal. Calcd. for C12H28O2Si: C,62.01; H, 12.14 found: C, 61.70; H, 12.31. 
 
These data are in accordance with the published data129. 
 
6.6.2.2 Alternative Method for the Monoprotection of 1,6-Hexandiol by     
TBDMSCl using NaH as a Base 
An argon-flushed 250 mL three-necked flask was charged with 0.800 g of sodium 
hydride (60% oil dispersion; 0.480 g, 20 mmol). After being washed twice with 
hexane, the sodium hydride was suspended in 50 mL dry THF. At 0oC 2.360 g (20 
mmol) of 1,6 hexanediol dissolved in 25 mL dry THF was added slowly via a syringe 
and the solution was stirred  for 30 min at room temperature. The white suspension 
formed was treated slowly with a solution of 3.00 g (20 mmol) of tert-
butyldimethylsillylchloride (TBDMSCl) dissolved in 15 mL of dry THF. After being 
stirred for 60 min, the reaction mixture was poured on crushed ice and extracted three 
times with 100 mL diethyl ether. The combined organic layers were washed with brine 
and dried over Na2SO4. The solvent was evaporated under reduced pressure. Finally, 
the crude product was purified by flash chromatography (eluent: 1:1, pentane – tert 
butylmethylether) to afford (3.78 g,16.2 mmol) 82% (based on dihydropyran) of the 
mono-protected  diol 117a as a colorless liquid : TLC, Rf 0.40 (1:1 pentane : tert-
butylmethylether).  
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6.6.2.3 Oxidation of the Monoprotected Alcohol to the Aldehyde (118a) 
 
O
O
Si
1
2
3
4
5
6
7
7'
8
9
9'
9"
118a
Mol. Formula : C12H26O2Si
Mol. Wt.: 230.42
 
In a 250 mL round bottom flask 4.83 g (22.5 mmol, 1.5 eq.) of pyridinium 
chlorochromate (PCC) and 0.369 g (4.5 mmol, 0.3 eq.) of sodium acetate were 
taken up in 100 mL CH2Cl2. To this 3.48 g (15 mmol) of alcohol 117a in 10 mL of 
CH2Cl2 were added dropwise. The reaction was allowed to stir at room 
temperature for 2h. Anhydrous Et2O (50 mL) was added after 2 h and the mixture 
was filtered through a pad of silica gel, which was again washed thoroughly with 
diethyl ether. After solvent evaporation the crude product was purified by flash 
chromatography (eluent used: pentane / tert-butylmethylether, 10:1) which gave 
the aldehyde 118a (2.88 g, 12.5 mmol) 84% as a colorless oil. TLC, Rf 0.57 (10:1, 
pentane: tert-butylmethylether). The spectral data for the compound 118a are as 
follows: 
 
1H NMR (400 MHz, CDCl3): δ = 9.75 (t, J = 1.82Hz, 1H, proton from aldehyde group), 
3.59 (t, J = 6.3 Hz, 2H, H-6), 2.42 (dt, J =1.7 Hz, J = 7.3 Hz, 2H, H-2), 1.64 (quint, J 
=7.7 Hz, 2H, H-5), 1.54 (quint, J = 7.8 Hz, 2H, H-3), 1.37 (quint, J = 7.2 Hz, 2H, H-4), 
0.88 (s,9H, H-9, H-9’or H-9’’), 0.03 (s, 6H, protons H-7 and H-7’) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 202.9 (C1), 62.83 (C6), 43.88 (C2), 32.52 (C5), 
25.94 (C9, C9’ and C9’’), 25.48 (C3), 21.90 (C4), 18.32 (C8), -5.31 (C7 and C7’) ppm. 
 
These data are in accordance with the published data130. 
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6.6.2.4 Preparation of tert-Butyl(hept-6-enyloxy)dimethylsilane (119a) 
 
O
Si
1
2
3
4
5
6
7
8
10
10'
10''
8'
9
119a
Mol. Formula : C13H28OSi
Mol. Wt.: 228.45
 
To a solution of 4.28 g (12 mmol) of methyltriphenylphosphinum bromide in 50 mL 
of dry THF, 7.5 mL (12 mmol) of a 1.6M n-butyl lithium solution in hexane were 
slowly added. After stirring this solution for 30 min at -78oC, 2.3 g (10 mmol) of 
aldehyde 118a in 10 mL THF were added at 0oC. The reaction was allowed to stir 
for another 14h at room temperature. After completion of the reaction which was 
determined by TLC, the reaction mixture was quenched with a saturated solution 
of ammonium chloride. The aqueous layer was washed with diethyl ether (3 x 50 
mL). The combined organic layers were dried over Na2SO4 and concentrated 
under vacuum. The crude product obtained, was further purified by flash 
chromatography (eluent: 3:1, pentane – tert butylmethylether) which afforded (1.45 
g, 6.4 mmol) 64% of the alkene 119a. The analytical data obtained for the 
compound 119a are as follows: 
 
1H NMR (400 MHz, CDCl3): δ = 5.81 (m, 1H, H-6), 4.98 (m, 2H, H-7), 3.62 (t, J = 6.6 
Hz, 2H, H-1), 2.06 (tq, J = 1.3 Hz, J = 6.8 Hz, 2H, H-5), 1.53 (m, J = 7.1 Hz, 2H, H-2), 
1.38 (m, 4H, H-3 and H-4), 0.91 (s, 9H, H-10, H-10’ and H-10’’), 0.61 (s, 6H, H-8 and 
H-8’) ppm. 
 
13C NMR (400 MHz, CDCl3): δ = 138.99, 114.21, 63.21, 33.78, 32.73, 28.75, 
25.98, 25.35, 18.37, -5.31 ppm. 
 
These data are in accordance with the published data131. 
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6.6.2.5 Preparation of Hept-6-en-1-ol (120)  
 
OH
1
2
3
4
5
6
7
120
Mol. Formula : C7H14O
Mol. Wt.: 114.19
 
In a 100 mL round bottom flask, 1.3 g (5.7 mmol) of 119a was taken up in 20 mL 
of 1% HCl in EtOH. After stirring this reaction mixture for 2h at room temperature, 
it was quenched with a 25% NaOH solution. The product was extracted by 
washing the reaction mixture with diethyl ether (3 x 50 mL). The combined organic 
layers were dried over Na2SO4 and concentrated under vacuum without heating. 
The crude product obtained, was further purified by flash chromatography (eluent 
used: pentane / tert-butylmethylether, 2:1) furnishing alcohol 120 (0.58 g, 5.0 
mmol) in 90% yield, as a colorless oil. TLC, Rf 0.41 (1:1, pentane: tert-
butylmethylether). The analytical data obtained for the alcohol 120 are as follows: 
 
1H NMR (300 MHz, CDCl3): δ = 5.76 (tdd, J = 15.8 Hz, J = 10.2 Hz, J = 6.6 Hz, 
1H,  H-6), 4.89 (dquin, J = 15.1 Hz, J = 1.6 Hz, 2H, H-7), 3.58 (t, J = 6.9 Hz, 2H, H-
1), 2.01 (q, J = 7.2 Hz, 2H, H-5), 1.79 (br s, 1H, proton from hydroxyl group), 1.52 ( 
m, 2H, H-2), 1.34 (m, 4H, H-3 and H-4) ppm. 
 
13C NMR (300 MHz, CDCl3): δ = 138.74, 114.24, 62.55, 33.50, 32.49, 28.57, 
25.00 ppm. 
 
MS EI: 114 (M), 96 (M - H2O), 81 (M - H2O and CH3), 67 (M - H20 and CH2CH3), 
55 (M - C3H7O), 41 (M - C4H9O). 
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6.6.2.6 Preparation of Hept-6-enal (111) 
To a stirred suspension of pyridinium chlorochromate (PCC) (14.51 g, 67 mmol) 
and AcONa (1.107 g, 13.5 mmol) in anhydrous CH2Cl2 (250 mL) alcohol 120 (5.13 
g, 45 mmol) in anhydrous CH2Cl2 (25 mL) were added. The reaction was kept for 
stirring at room temperature. After 2h, anhydrous Et2O (100 mL) was added and 
the mixture was filtered through a pad of silica gel which was thoroughly eluted 
with ether. After solvent evaporation, the crude product was purified by flash 
chromatography (eluent used: pentane) which gave aldehyde 111 (4.33 g, 38.6 
mmol, 86%) as a colorless oil. TLC, Rf 0.86 (10:1, pentane: tert-butylmethylether). 
The analytical data obtained for the aldehyde 111 are as above in chapter 6.6.1.2. 
 
6.6.3 Synthesis of Hept-6-enal from 1,6-Hexandiol using THP as 
Protecting Group 
 
6.6.3.1 Preparation of 6-(tetrahydro-2H-pyran-2-yloxy)hexan-1-ol (117b) 
 
HO
O O
117b
Mol. Formula : C11H22O3
Mol. Wt.: 202.29
 
A solution of 29.5 g of 1,6-hexanediol (0.25 mol) and 13.6 mL (12.6 g, 0.15 mol, 
0.6 eq.) of dihydropyran in 200 mL of THF in the presence of  2.37 g of p-
toluenesulfonic acid monohydrate (5% of 0.25 mol) was stirred at 0oC under argon. 
After stirring for 12 h, the reaction mixture was poured onto NaHCO3 solution and 
extracted with diethyl ether (3 x 150 mL). The combined organic layers were dried 
over Na2SO4, concentrated and purified by column chromatography on silica gel 
(eluent: 1:1, pentane – tert butylmethylether) to provide the mono-THP ether 117b 
(23.33 g, 0.115 mol) in 77% yield (based on dihydropyran)  as a colorless oil : 
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TLC, Rf 0.24 (1:1 pentane : tert butylmethylether). The spectral data obtained for 
the compound 117b are as follows: 
 
1H NMR (300 MHz, CDCl3): δ = 4.52 (dd, J = 4.4 Hz, J = 2.2 Hz, 1H), 3.82 (ddd, J 
= 11.2 Hz, J = 7.6 Hz, J = 3.5 Hz, 1H) 3.69 (dt, J = 9.6 Hz, J = 6.9 Hz, 1H), 3.58 
(dt, J = 3.4 Hz, J = 6.2 Hz, 2H), 3.45 (m, 1H), 3.34 (m, J = 9.6 Hz, J = 6.6 Hz, 1H), 
1.79 (m, 2H), 1.66 (m, 1H), 1.52 (m, 8H), 1.34 (m, 4H) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 98.78, 67.43, 62.63, 62.26, 32.59, 30.68, 29.60, 
25.94, 25.48, 25.41, 19.58 ppm. 
 
EI MS m/z (relative intensity): 201 (1.36), 184 (0.17), 173 (0.18), 147 (0.49), 130 
(0.64), 117 (4.90), 101 (53.83), 85 (100.0), 55 (45.75). 
 
Anal. Calcd. for C11H22O3: C, 65.31; H, 10.96. found: C, 65.76; H, 11.01. 
 
These data are in accordance with the published data132. 
 
6.6.3.2 Preparation of 6-(tetrahydro-2H-pyran-2-yloxy)hexanal (118b) 
 
O
O O
118b
Mol. Formula : C11H20O3
Mol. Wt.: 200.27
 
To a stirred suspension of pyridinium chlorochromate (PCC) (36.44 g, 169 mmol) 
and AcONa (2.78 g, 33 mmol) in anhydrous CH2Cl2 (250 mL) was added 117b 
(23.0 g, 113 mmol) in anhydrous CH2Cl2 (25 mL). After stirring the reaction for 2h 
at room temperature, anhydrous Et2O (100 mL) was added. The mixture was 
filtered through a pad of silica gel and was thoroughly eluted with diethyl ether. 
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After solvent evaporation the crude product was purified by flash chromatography 
(eluent used: pentane / tert-butylmethylether, 3:1) which gave aldehyde 118b 
(18.8 g, 94 mmol, 83%) as a colorless oil. TLC, Rf 0.56 (1:1, pentane: tert-
butylmethylether). The spectral data obtained for the compound 118b are as 
follows: 
 
1H NMR (300 MHz, CDCl3): δ = 9.73( t, J = 1.8 Hz, 1H,), 4.52 (dd, J = 4.4 Hz, J = 
2.2 Hz,1H,), 3.82 (ddd, J = 11.2 Hz, J = 7.6 Hz, J = 3.5 Hz, 1H) 3.69 (dt, J = 9.6 
Hz, J = 6.9 Hz, 1H), 3.45 (m, 1H), 3.34 (m, J = 9. 6Hz, J = 6.6 Hz, 1H), 2.40 (dt, J 
= 7.2 Hz, J = 1.8 Hz, 2H), 1.84-1.34 (m, 12H) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 202.37, 98.83, 67.15, 62.28, 43.73, 30.80, 29.42, 
25.83, 25.42, 21.86, 19.62 ppm. 
 
ESI MS: (M+ + Na) 223.12. 
 
Anal. Calcd. for C11H20O3: C, 65.97; H, 10.07. found: C, 65.91; H, 10.26. 
 
These data are in accordance with the published data133. 
 
6.6.3.3 Preparation of 2-(hept-6-enyloxy)-tetrahydro-2H-pyran (119b) 
 
O O
119b
Mol. Formula : C12H22O2
Mol. Wt.: 198.30
 
To a suspension of 36.42 g (102 mmol) of methyltriphenylphosphonium bromide in 
150 mL of dry THF 64.0 mL of n-BuLi (1.6M in hexane, 6.52 g, 102 mmol) were 
added at -78oC under argon. The resulting orange colored mixture was stirred at 
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room temperature for 1h. Aldehyde 118b (17.0 g, 85 mmol) in 20 mL THF was 
added at 0oC. After stirring the reaction for 16h at room temperature, the excess of 
n-BuLi was quenched with saturated NH4Cl solution. Extraction with Et2O (3 x 100 
mL) followed by drying (Na2SO4) and solvent evaporation gave a crude product 
119b which was purified by flash chromatography (eluent: pentane / tert-butyl 
methylether, 10:1) as a colorless oil (12.04 g, 60 mmol, 70%). TLC, Rf 0.66 (1:1, 
pentane: tert-butylmethylether). The analytical data obtained for the alkene 119b 
are as follows: 
 
1H NMR (400 MHz, CDCl3): δ = 5.74 (tdd, J = 15.7 Hz, J = 10.2 Hz, J = 6.6 Hz, 
1H), 4.98 (dq, dquin J = 15.1 Hz, J = 1.6 Hz, 2H), 4.51 (br t, J = 2.7 Hz, 1H), 3.79 
(m, 1H), 3.65 (dt, J = 6.8 Hz, J = 2.7 Hz, 1H), 3.42 (m,1H), 3.30 (dt, J = 6.5 Hz, J = 
2.6 Hz, 1H), 1.98 (br q, J = 7.2 Hz, 2H), 1.78 (m 1H), 1.63 (m,1H), 1.5 (m,6H), 1.32 
(m, 4H) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 138.94, 114.19, 98.77, 67.69, 62.23, 33.74, 
30.74, 29.64, 28.71, 25.69, 25.37, 19.59 ppm. 
 
EI MS m/z (relative intensity): 197 (1.07), 165 (0.22), 156 (0.42), 140 (0.49), 115   
(1.02), 101 (19.94), 85 (100.0), 55 (62.28). 
 
Anal. Calcd. for C12H22O2: C, 72.68; H, 11.18 found: C, 72.36; H, 11.02. 
 
These data are in accordance with the published data134. 
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6.6.3.4 Preparation of Hept-6-en-1-ol by the Removal of THP Group 
under Acidic Conditions 
 
OH
1
2
3
4
5
6
7
120
Mol. Formula : C7H14O
Mol. Wt.: 114.19
 
10.89 g (55 mmol) of 119b were dissolved in 100 mL of methanol. The solution 
was stirred in presence of p-toluenesulfonic acid monohydrate (0.52 g, 2.8 mmol) 
at room temperature for 3h. The reaction was worked up by addition of saturated 
NaHCO3 solution and extracted with ether (3 x 100 mL). The combined organic 
layers were dried over Na2SO4, concentrated, and purified by column 
chromatography on silica gel (eluent: 2:1, pentane / tert-butylmethylether) 
furnishing alcohol 120 (5.83 g, 51 mmol) in 93% yield, as a colorless oil. TLC, Rf 
0.41(1:1, pentane: tert-butylmethylether). The analytical data obtained for this 
compound are listed above in 6.6.2.4.  
 
6.6.4 Synthesis of Hept-6-enal by the Cleavage of 7-Octene-1,2-diol  
 
O
111
Mol. Formula : C7H12O
Mol. Wt.: 112,17
 
To an emulsion of commercially available 7-octene 1, 2 diol (4.90 g, 33 mmol) and 
25 mL H2O, an aqueous solution of NaIO4 (7.97 g, 37.4 mmol, 1.1 equiv. in 50 mL 
water) was added over a period of 45 min (slight exothermic reaction). The 
resulting mixture was stirred at room temperature for additional 2h. Completion of 
reaction was confirmed by TLC. The mixture was then decanted in a separatory 
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funnel and the layers were separated. The remaining aqueous layers was 
saturated with NaCl and extracted with CH2Cl2. The combined organic layers were 
dried over Na2SO4 and concentrated under reduced pressure. The crude product 
obtained was further purified by flash chromatography (eluent used: pentane) to 
give (3.51 g, 31 mmol) 92% of aldehyde 111 as a colorless oil. TLC, Rf 0.86 (10:1, 
pentane: tert-butylmethylether). The analytical data obtained for the compound 
111 are as shown in 5.6.1.2. 
 
6.6.5 Preparation of (E)-N,N-Diethylhepta-1,6-dien-1-amine (106) 
 
N
106
1
2
3
4
5
6
7
8
8'
9
9'
Mol. Formula : C11H21N
Mol. Wt.: 167.29
 
A solution of 3.71 g (33 mmol) of 6-heptenal 111, 4.81g (66 mmol, 2 eq.) of diethyl 
amine, and 0.31 g (1.6 mmol) of p-toluenesulfonic acid in 200 mL of CH2Cl2 was 
heated under reflux with azeotropic removal of water until the evolution of water 
stopped (about 4 hours). The crude product obtained on further distillation gave 
(3.47 g, 21 mmol) 63% of enamine 106. The analytical data obtained for enamine 
106 are as follows. 
 
Boiling point: 48-49oC / OPV 
 
1H NMR (400 MHz, CDCl3): δ = 5.74 (m, 2H, H-1 and H-6), 4.87 (m, 2H, H-7), 4.06 
(dt, J = 14.2 Hz, J = 7.0 Hz, 1H, H-2), 2.84 (q, J = 7.1 Hz, 4H, H-8 and H-8’), 1.96 
(br q, J = 6.5 Hz, 2H, H-5), 1.88 (br q, J = 7.1 Hz, 2H, H-3), 1.32 (m, J = 7.3 Hz, 
2H, H-4), 0.94 (t, J = 7.1 Hz, 6H, H-9 and H-9’) ppm. 
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13C NMR (100 MHz, CDCl3): δ = 139.27 (C1), 137.27 (C6), 113.89 (C7), 97.71 (C2), 
44.43 (C8 and C8’), 33.16 (C3), 30.95 (C5), 30.26 (C4), 12.27 (C9 and C9’) ppm. 
 
EI-MS: 167 (M+), 140 (C9H18N+, cleavage at C5-C6), 126 (C8H16N+, cleavage at C4-
C5), 112 (C7H14N+, cleavage at C3-C4), 98 (C6H12N+, cleavage at C2-C3), 85 
(C5H11N+, cleavage at C1-C2), 69 (C5H9+, cleavage at C2-C3), 55 (C4H7+ cleavage 
at C3-C4). 
 
6.7 Synthesis and Reactions of (E)-N,N-Diethyl-7-methylocta-1,6-
dien-1-amine (107) 
 
6.7.1 Preparation of Isopropyltriphenylphosphonium iodide 
 
PPh3 I
Mol. Formula : C21H22IP
Mol. Wt.: 432.28
 
In a 500 mL round bottom flask equipped with a water condenser, 0.30 mol (78.6g) 
of triphenylphosphine and 0.60 mol (102.0 g) of 2- iodopropane were taken up in 
toluene (250 mL). The reaction mixture was heated under reflux for 24h. The 
resulting white precipitate was filtered, washed with two portions of toluene (50 mL 
each) and dried in vacuo to give (127.37 g, 0.29 mol) 98% (based on 
triphenlyphosphine) of isopropyltriphenylphosphonium iodide. The analytical data 
obtained for this compound are as shown below: 
 
1H NMR (300 MHz, CDCl3): δ 7.95-7.26 (m, 15H, aromatic protons), 5.17 (m, 1H), 
1.35 -1.29 (dd, J = 24.2 Hz, J = 6.9 Hz, 6H) ppm. 
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13C NMR (75 MHz, CDCl3): δ 134.78, 134.75, 133.92, 133.80, 130.55, 130.39, 
118.07, 116.78, 22.21, 21.31, 16.34 ppm. 
 
HRMS (EI) m/e calcd for: C21H22P+ 305.1454 found: 305.1459. 
 
Anal. Calcd. for C21H22IP: C, 58.35; H,5.13 found: C, 58.73; H,4.94. 
 
These data are in accordance with the published data. 
 
6.7.2 Preparation of 2-[(7-Methyloct-6-en-1-yl) oxy] tetrahydro-2H-pyran 
(127) 
 
O O
127
Mol. Formula : C14H26O2
Mol. Wt.: 226.36
 
In a three neck round bottom flask equipped with a dropping funnel 42.12 g (97.5 
mmol, 1.5 eq.) of isopropyltriphenylphosphoniumiodide were suspended in 250 mL 
of dry THF under argon atmosphere. At -78oC, 61.1 mL of n-BuLi (1.6 M in 
hexane, 6.24 g, 97.5 mmol, 1.5 eq.) were added to this suspension which resulted 
in a dark red colored mixture. After stirring this reaction mixture for 1h at room 
temperature, 13.0 g (65 mmol) of the aldehyde 118b in 20 mL THF were added 
dropwise at 0oC. The reaction mixture was allowed to stir for another 16h at room 
temperature and excess of n-BuLi was quenched with saturated NH4Cl solution. 
Extraction with Et2O (3 x 100 mL) followed by Na2SO4 drying and solvent 
evaporation gave the crude product 127 which was further purified by flash 
chromatography (eluent: 10:1, pentane: tert-butylmethylether) obtained as a 
colorless oil (11.61 g, 51.3 mmol) in 79% yield. TLC, Rf 0.57 (1:1, pentane: tert-
butylmethylether). The analytical data obtained for the alkene 127 are as follows: 
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1H NMR (400 MHz, CDCl3): δ = 5.04 (t, J = 7.2 Hz, 1H), 4.50 (t, J = 2.7 Hz, 1H), 
3.82 (m, 2H), 3.31 (m, 2H), 1.83 (m 2H), 1.80-1.39 (m, 14H), 1.29 (m,4H) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 131.11, 124.66, 98.71, 67.53, 62.16, 30.72, 
29.65, 29.63, 27.91, 25.86, 25.60, 25.48, 19.60, 17.55 ppm. 
 
EI MS m/z (relative intensity): 226.1 (1.56, M+), 140.1 (2.46, M+-C5H10O), 124.1 
(2.50, C9H16+), 109.1 (5.49), 95.1 (5.48), 85.0 (100.0, C5H9O+), 69.0 (25.8, C5H9+), 
55.0 (15.81, C4H7+). 
 
Anal. Calcd. for C14H26O2: C, 74.29 ; H, 15.58 found: C, 74.13; H, 11.68. 
 
6.7.3 Preparation of 7-Methyloct-6-en-1-ol (128) 
 
1
2
3
4
5
6
7
8
8'
OH
128
Mol. Formula : C9H18O
Mol. Wt.: 142.24
 
10.17 g (45.0 mmol) of 127 were dissolved in 100 mL of methanol. To this 0.42 g 
(2.24 mmol) p-toluenesulfonic acid monohydrate were added and the reaction was 
kept stirring (4h) at room temperature. After the completion of the reaction which 
was monitored by TLC, the reaction mixture was poured on saturated NaHCO3 
solution and extracted with ether (3 x 100 mL). The combined organic layers were 
dried over Na2SO4, concentrated, and purified by column chromatography on silica 
gel (eluent used: pentane; tert-butylmethylether, 3:1) furnishing alcohol 128 (5.38 
g, 37.9 mmol) in 83% yield, as a colorless oil. TLC, Rf 0.38 (1:1, pentane: tert-
butylmethylether). The analytical data obtained for the alcohol 128 are as follows: 
 
1H NMR (300 MHz, CDCl3): δ = 5.09 (t, J = 7.1 Hz, 1H, H-6), 3.58 (t, J = 6.6 Hz, 
2H, H-1), 1.94 (m, 2H, H-5), 1.76 (br s, 1H, proton from -OH group), 1.65 (s, 3H, 
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H-8 or H-8’), 1.56 (s, 3H, H-8 or H-8’), 1.52 (m, 2H, H-2), 1.31 (m, 4H, H-3 and H-
4) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 131.28 (C7), 124.56 (C6), 62.86 (C1), 32.68 (C5), 
29.62 (C2), 27.92 (C4), 25.60 (C8 or C8’), 25.38 (C3), 17.57(C8 or C8’) ppm. 
 
EI MS m/z (relative intensity): 142.1 (40.78, M+), 124.1 (25.24, M+-H2O), 109.1 
(83.05, M+-H2O and CH3), 95.1 (36.80, C7H11+), 82.1 (57.45, C6H10+), 69.0 (100.0, 
C5H9+), 66.0 (4.43), 55.0 (45.65, C4H7+). 
 
Anal. Calcd. for C9H18O: C, 76.00; H, 12.76 found: C, 75.68; H, 12.86. 
 
These data are in accordance with the published data135. 
 
6.7.4 Preparation of 7-Methyloct-6-enal (129) 
 
1
2
3
4
5
6
7
8
8'
O
129
Mol. Formula : C9H16O
Mol. Wt.: 140.22
 
To a stirred suspension of pyridinium chlorochromate (PCC) 11.61 g (54.0 mmol) 
and AcONa 0.88 g (11.0 mmol) in anhydrous CH2Cl2 (250 mL) alcohol 128 (5.11 g, 
36.0 mmol) in anhydrous CH2Cl2 (25 mL) was added. The reaction was kept 
stirring for 2h. Anhydrous Et2O (100 mL) was added and the resulting mixture was 
filtered through a pad of silica gel which was thoroughly washed with diethyl ether. 
After solvent evaporation the crude product was purified by flash chromatography 
(eluent used: pentane: tert-butylmethylether) which gave aldehyde 129 (4.32 g, 
30.9 mmol) in 82%yield, as colorless oil. TLC, Rf 0.61 (1:1, pentane: tert-
butylmethylether). The analytical data for the aldehyde 129 are as follows: 
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1H NMR (300 MHz, CDCl3): δ = 9.78 (t, J = 1.9 Hz, 1H, proton from aldehyde 
group), 5.08 (t, J = 7.2 Hz, 1H, H-6 ), 2.39 (dt, J = 1.9 Hz, J=7.3 Hz, 2H, H-2), 1.97 
(q, J = 7.3 Hz, 2H, H-5), 1.65 (s, 3H, H-8 or H-8’), 1.60 (m, 2H, H-3), 1.57 (s, 3H, 
H-8 or H-8’), 1.34 (m, 2H, H-4) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 202.48 (C1), 131.74 (C7), 123.95 (C6), 43.75 (C2), 
29.28 (C5), 27.62 (C3), 25.57 (C8 or C8'), 21.60 (C4), 17.57 (C8 or C8') ppm. 
 
Anal. Calcd. for C9H16O: C, 77.09; H, 11.50 found: C, 76.83; H, 11.66. 
 
These data are in accordance with the published data160. 
 
6.7.5 Preparation of (1E)-N,N-Diethyl-7-methylocta-1,6-dien-1-amine107 
 
1
2
3
4
5
6
7
8
9
10
8'
N
107
9'
10'
Mol. Formula : C13H25N
Mol. Wt.: 195.34
 
A solution of 4.06 g (29 mmol) of aldehyde 129, 4.2 g (58 mmol, 2 eq.) of diethyl 
amine and 0.27 g (1.45 mmol) of p-toluenesulfonic acid in 200 mL of CH2Cl2 was  
heated under reflux with azeotropic removal of water until the evolution of water 
stopped (4 hours). The crude product obtained on further distillation afforded 
(3.77g, 19.3 mmol) 67% of enamine 107. The analytical data obtained for the 
enamine 107 are as follows: 
 
Boiling point: 64oC / OPV 
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1H NMR (400 MHz, CDCl3): δ = 5.82 (dt, J = 13.8 Hz, J = 1.0 Hz, 1H, H-1), 5.11 
(br t, J = 7.3 Hz, 1H, H-6), 4.14 (dt, J = 13.8 Hz, J = 7.0 Hz, 1H, H-2), 2.90 (q, J = 
7.3 Hz, 4H, H-9 and H-9’), 1.95 (m, 4H, H-3 and H-5), 1.65 (br s, 3H, H-8 or H-8’) 
1.57 (br s, 3H, H-8 or H-8’), 1.34 (m, 2H, H-4), 1.04 (t, J = 7.5 Hz, 6H, H-10 and H-
10’) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 137.12 (C1), 131.00 (C7), 125.01 (C6), 97.93 (C2), 
44.47 (C9 and C9'), 31.96 (C3), 30.45 (C5), 27.48 (C4), 25.55 (C8 or C8'), 17.62 (C8 
or C8'), 12.19 (C10 and C10') ppm. 
 
EI MS m/e (relative intensity): 195 (11.78, M+), 180 (6.09, M+-CH3), 166 (2.52, 
M+-C2H5), 140 (2.62, C9H18N+, cleavage at C5-C6), 126 (2.91, C8H16N+, cleavage at 
C4-C5), 112(100.00, C7H14N+ cleavage at C3-C4), 98 (10.30, C6H12N+ cleavage at 
C2-C3), 83 (3.43, C6H11+, cleavage at C3-C4), 69 (26.05, C5H9+, cleavage at C4-C5). 
 HRMS (EI) m/e calcd for: C13H25N 195.19870, found: 195.19781. 
 
6.7.6 Cyclization of Enamine 107 using MoCl5 (130) 
 
Cl
1
2
3
4 5
6
7
7'
8
O
H
130
Mol. Formula : C9H15ClO
Mol. Wt.: 174.67
 
7.50 mmol MoCl5 (2.047 g) were dissolved in anhydrous CH2Cl2 (20mL) under an 
inert atmosphere at 0oC. 2.50 mmol (0.487 g) of enamine 107 were added and the 
reaction was allowed to stir for 30 min at 0oC. The resulting mixture was quenched 
with saturated NaHCO3 solution (20 mL) and the aqueous layer was extracted with 
CH2Cl2 (3 x 50 mL). The combined organic layers were treated with brine, and 
dried over anhydrous Na2SO4. Concentration provided the crude product, which 
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was further purified by column chromatography on silica gel (eluent: pentane: tert-
butylmethylether) which afforded aldehyde 130 (0.346 g, 2.00 mmol) in 80 % yield. 
The analytical data obtained for this compound are as shown below: 
 
1H NMR (400 MHz, CDCl3): δ = 9.65 (d, J = 1.9 Hz, 1H, H-8), 2.86 (m, 1H, H-1), 
2.55 (dt, J = 6.6 Hz, J = 8.6 Hz, 1H, H-2), 1.89 (m, 3H, H-3 and H-5), 1.70 (m, 1H, 
H-5), 1.58 (m, 1H, H-4), 1.51 (s, 3H, H-7 or H-7’), 1.49 (s, 3H, H-7 or H-7’), 1.39 
(m, 1H, H-4) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 203.06 (C8), 73.79 (C6), 54.35 (C1), 51.51 (C2), 
32.37 (C7 or C7’), 30.84 (C7 or C7’), 29.69 (C3), 28.08 (C5), 25.93 (C4) ppm. 
 
EI MS m/z (relative intensity): 174 (0.11, M+), 154 (15.69), 139 (3.34, M+-Cl), 114 
(12.24), 109 (100.00, M+-CHO and HCl), 95 (10.85, C7H11+), 93 (7.16), 82 (18.69), 
67 (40.16, C5H7+), 55 (6.73), 41 (11.89, C3H5+). 
 
The structure of the aldehyde was also confirmed by the data obtained from 2D-
NMR analysis as well as from the analytical data obtained from its hydrazone 
derivative 130a prepared by standard method as shown below: 
 
Cl
N
H
N
NO2
NO2
1
2
3
4 5
6
7
7'
8
9 10
11
12
13
14
130a
Mol. Formula : C15H19ClN4O4
Mol. Wt.: 354.79
 
Melting point: 98 oC 
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1H NMR (400 MHz, CDCl3): δ = 10.97 (br s, 1H, NH proton), 9.08 (d, J = 2.5 Hz, 
1H, H-11), 8.26 (dd, J = 2.5 Hz, J = 9.6 Hz, 1H, H-13), 7.86 (d, J = 9.6 Hz, 1H, H-
14), 7.52 (d, J = 6.2 Hz, 1H, H-8), 3.01 (m, 1H, H-1), 2.38 (br q, J = 7.8 Hz, 1H, H-
2), 1.93 (m, 2H,  H-3), 1.80-1.63 (m, 3H, H-4 and H-5), 1.58 (s, 3H, H-7 or H-7’), 
1.56 (s, 3H, H-7 or H-7’), 1.20 (m, 1H, H-4) ppm. 
 
13C NMR (100 MHz, CDCl3): δ 155.16 (C8), 144.08 (C9), 136.73 (C12), 128.99 
(C13), 127.81 (C10), 122.50 (C11), 115.44 (C14), 73.96 (C6), 54.60 (C2), 43.80 (C1), 
31.35 (C5), 31.32 (C7 or C7’), 29.97 (C7 or C7’), 28.81 (C4), 24.57 (C3) ppm. 
 
EI MS m/z (relative intensity): 356 (10.42, M+=C15H1937ClN4O4), 354 (27.71, 
M+=C15H1937ClN4O4), 319 (27.63, M+-Cl), 301 (19.02), 283 (21.70), 255(21.00), 
206 (21.00), 183 (30.31, C6H5N3O4+), 177 (24.71), 152 (17.45), 134 (60.03), 121 
(96.25), 107 (44.21), 93 (100.00), 79 (74.68), 67 (69.84), 55 (38.64), 41 (54.99). 
 
HRMS (EI) m/e calcd for: C15H19ClN4O4, 354.10948, found: 354.10991. 
 
Anal. Calcd. for C15H19ClN4O4: C, 50.78; H, 5.40; N, 15.79, found: C, 51.14; H, 
5.71; N, 15.60. 
 
6.7.7 Cyclization of Enamine 107 using MoCl5 Followed by Reduction 
with NaBH4 (131) 
 
 
 
1
2
3
4 5
6
7
7'
8
9
10
9'
10'
Cl
N
131
Mol. Formula : C13H26ClN
Mol. Wt.: 231.81
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Enamine 107 (0.292 g, 1.50 mmol) was added to a solution of MoCl5 (1.228 g, 
4.50 mmol) in anhydrous CH2Cl2 (20 mL) under an inert atmosphere at 0oC. After 
stirring the reaction for 30 min, 5 mL MeOH were added followed by NaBH4 (9 
mmol, 0.340 g) which was added in portions at 0oC. After stirring for 6h, the 
resulting reaction mixture was slowly quenched with saturated NaHCO3 solution 
(20 mL). The organic layer was separated and the aqueous layer was extracted 
with CH2Cl2 (3 x 50 mL). The combined organic layers were washed with brine, 
and dried over anhydrous Na2SO4 and the solvent was removed in vacuum. The 
residue obtained was further purified by flash chromatography to give tertiary 
amine 131 (0.319 g, 1.38 mmol) in 92% yield. The analytical data obtained for this 
compound are as shown below: 
 
1H NMR (400 MHz, CDCl3): δ = 2.54 (m, 2H, H-9 or H-9’), 2.39 (m, 2H, H-9 or H-
9’), 2.16 (m, 3H, H-2 and H-8), 1.75-1.35 (m, 7H), 1.50 (s, 3H, H-7 or H-7’), 1.46 
(s, 3H, H-7 or H-7’), 0.93 (t, J = 7.1 Hz, 6H, H-10 and H-10’) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 75.42 (C6), 59.17 (C1), 56.26 (C8), 47.11 (C9 and 
C9'), 39.72 (C2), 31.82 (C7 or C7'), 31.18 (C5), 30.86 (C7 or C7'), 29.83 (C3), 25.40 
(C4), 11.47 (C10 and C10') ppm. 
 
EI MS m/z (relative intensity): 233 (0.25, M+ = C13H2637ClN), 231 (0.79, M+ = 
C13H2635ClN), 196 (0.78, M+- Cl) 180 (2.35, C12H24N+), 154 (0.37, C10H20N+), 138 
(0.26), 123 (0.25, C9H15+), 112 (1.16), 86 (100.00, C5H12N+), 72 (3.16, C4H10N+), 
58 (8.95), 41 (2.52, C3H5+). 
 
HRMS (EI) m/e calcd for: C13H26ClN, 231.17538, found: 231.17492  
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6.8 Synthesis of (1E,6E)-N,N-Diethylnona-1,6,8-trien-1-amine 108 
 
6.8.1 Preparation of Diethyl Allyl Phosphonate 
 
1
2
3
4
5
4'
5'
Mol. Formula : C7H15O3P
Mol. Wt.: 178.17
P
O
O
O
 
A mixture of triethylphosphite (53.1 mL, 300 mmol) and allyl bromide (31.0 mL, 
360 mmol, 1.2 eq.) was heated under reflux for 2h. Ethyl bromide formed in the 
reaction was removed by distillation. Further distillation of the crude product gave 
(50.7 g, 284 mmol) 95% of diethyl allyl phosphonate. 
 
Bioling point: 108-110oC / MPV 
1H NMR (400 MHz, CDCl3): δ = 5.72 (m, 1H, H-2), 5.11 (m, 2H, H-3), 4.02 (q, J = 
6.91 Hz, 4H, H-4 and H-4’), 2.56 (ddt, J = 22.0, Hz, J = 7.4 Hz, J = 1.3 Hz, 2H, H-
1), 1.23 (t, J = 6.82 Hz, 6H, H-5 and H-5’) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 127.40, 119.76, 61.51, 32.44, 16.27 ppm. 
 
These data are in accordance with the published data136. 
 
 
 
 
 
 
 
 
 
Experimental section 
 
 128
6.8.2 Preparation of 2-[(6E)-nona-6, 8-dien-1-yloxy] tetrahydro-2H-pyran 
137 
 
O O
137
Mol. Formula : C14H24O2
Mol. Wt.: 224.34
1
2
3
4
5
6
7
8
9
10
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14
 
To a solution of 24.92 g (140 mmol, 2 eq.) diethylallylphosphonate in dry THF (150 
mL) 140 mmol (87.5 mL) of n-BuLi (1.6 M in hexane) were added under nitrogen 
at -78oC. The reaction mixture was stirred at -78oC for 1h and treated with a 
solution of aldehyde 118b (14.0 g, 70 mmol) in 20 mL THF at 0oC. Stirring was 
continued at 0oC for another 1h and then the reaction was gradually warmed to 
room temperature over 6h. The reaction was quenched with a saturated solution of 
NH4Cl and extracted with diethyl ether (3 x 100 mL). The combined organic layers 
were washed with water and dried over Na2SO4 and concentrated in vacuo. The 
crude product was further purified by flash chromatography (eluent used: pentane: 
tert-butylmethylether, 3:1) which gave the diene 137 (9.23g, 41.2 mmol) in 59% 
yield as a colorless oil. TLC, Rf: 0.82 (1:1, pentane: tert-butylmethylether). The 
analytical data obtained for the compound 137 are as follows: 
 
1H NMR (400 MHz, CDCl3): δ = 6.25 (dt, J = 16.1 Hz, J = 10.5 Hz, 1H, H-8), 5.99 
(dd, J = 15.2 Hz, J = 10.4 Hz, 1H, H-7), 5.64 (dt, J = 15.41 Hz, J = 6.8 Hz, 1H, H-
6), 5.04 (dd, J = 16.9 Hz, J = 9.8 Hz, 2H, H-9), 4.52 (t, J = 2.9 Hz, 1H, H-10), 3.81 
(m, 1H, H-1),  3.68 (dt, J = 9.2 Hz, J = 6.9 Hz, 1H, H-14), 3.45 (m, 1H, H-1), 3.32 
(dt, J = 9.5 Hz, J = 6.7 Hz, 1H, H-14), 2.05 (q, J = 6.3 Hz, 2H, H-5), 1.81-1.35 (m, 
12H) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 137.28, 135.27, 130.97, 114.61, 98.83, 67.50, 
62.32, 32.41, 30.75, 29.55, 28.98, 25.77, 25.47, 19.66 ppm. 
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EI MS, m/e (relative intensity): 224 (15.80, M+), 206 (14.9, M+-H2O), 180 (3.05, 
M+-CO2), 165 (4.50, M+-C3H7O), 151 (13.0), 122 (3.24, C9H14+, cleavage at C1-O), 
93 (8.10), 85 (100.00, C5H9O+), 81 (13.14, C6H9+, cleavage at C3-C4), 67 (39.97, 
C5H7+, cleavage at C4-C5), 55 (9.12), 41 (12.24, C3H5+). 
 
These data are in accordance with the published data137. 
 
6.8.3 Preparation of (6E)-Nona-6,8-dien-1-ol (138) 
 
1
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138
Mol. Formula : C9H16O
Mol. Wt.: 140.22
 
0.33 g (2.0 mmol) p-toluenesulfonic acid monohydrate were added to a solution of 
9.0 g (40 mmol) 137 in 100 mL methanol. The reaction was allowed to stir at room 
temperature for 4h. After the completion of the reaction which was monitored by 
TLC, the reaction mixture was poured into saturated NaHCO3 solution and 
extracted with diethyl ether (3 x 100 mL). The combined organic layers were dried 
over Na2SO4, concentrated, and purified by column chromatography on silica gel 
(eluent: 3:1, pentane: tert-butylmethylether) furnishing alcohol 138 (5.14 g, 36.7 
mmol) in 91% yield as a colorless oil. TLC, Rf 0.43 (1:1, pentane: tert-
butylmethylether). The analytical data obtained for the compound 138 are as 
follows: 
 
1H NMR (400 MHz, CDCl3): δ = 6.28 (dt, J = 16.8 Hz, J = 9.9 Hz, 1H, H-8) 6.01 
(dd, J = 15.2 Hz, J = 10.3 Hz, 1H, H-7), 5.67 (dt, J = 15.2 Hz, J = 6.9 Hz, 1H, H-6), 
5.04 (dd, J = 17.1 Hz, J = 10.6 Hz, 2H, H-9), 3.59 (t, J = 7.0 Hz, 2H, H-1), 2.06 (q, 
J = 6.7 Hz, 2H, H-5), 1.81 (br s, 1H, proton from OH group), 1.54 (m, 2H, H-2), 
1.38 (m, 4H, H-3 and H-4) ppm. 
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13C NMR (100 MHz, CDCl3): δ = 137.20 (C8), 135.08 (C6), 131.02 (C7), 114.65 
(C9), 62.72 (C1), 32.51 (C2), 32.39 (C5), 28.89 (C3), 25.24 (C4) ppm. 
 
EI MS m/e (relative intensity): 140 (3.04, M+), 122 (26.66, M+-H2O), 107 (13.28), 
81 (70.23, C6H9+, cleavage at C3-C4), 79 (100.00), 67 (81.51, C5H7+, cleavage at 
C4-C5), 54 (38.36), 41 (29.50, C3H5+). 
 
 HRMS (EI) m/e calcd for: C9H16O, 140.12012, found: 140.12063. 
 
These data are in accordance with the published data138. 
 
6.8.4 Preparation of (6E)-Nona-6, 8-dienal (139) 
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139
Mol. Formula : C9H14O
Mol. Wt.: 138.21
 
In 250-mL round bottom flask 10.65 g (49 mmol, 1.5 eq.) of pyridinium 
chlorochromate and 0.812 g (9 mmol, 0.3 eq.) of sodium acetate in 100 mL CH2Cl2 
were taken. To this mixture 4.62 g (33 mmol) of alcohol 138 in 10 mL of CH2Cl2 
were added drop wise. The reaction was allowed to stir at room temperature for 
2h. Anhydrous Et2O (50 mL) was added after 2h and reaction mixture was filtered 
through a pad of silica gel which was thoroughly washed with diethyl ether. After 
solvent evaporation, the crude product was purified by flash chromatography 
(eluent: 10:1, pentane: tert-butylmethylether) which gave (3.81 g, 27.6 mmol) 84% 
of aldehyde 139 as colorless oil. TLC, Rf: 0.47 (10:1, pentane: tert-
butylmethylether). The spectral data for the compound 139 are as follows: 
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1H NMR (400 MHz, CDCl3): δ = 9.75 (t, J = 1.8 Hz, 1H, H-1), 6.28 (dt, J = 16.8 Hz, 
J = 10.5 Hz, 1H, H-8) 6.03 (dd, J = 10.9 Hz, J = 15.8 Hz, 1H, H-7), 5.66 (dt, J = 7.2 
Hz, J = 15.4 Hz, 1H, H-6), 5.05 (dd, J = 16.9 Hz, J = 10.8 Hz, 2H, H-9), 2.42 (dt, J 
= 1.8 Hz, J = 7.3 Hz, 2H, H-2), 2.09 (q, J = 7.9 Hz, 2H, H-5), 1.63 (m, 2H, H-3) 
1.42 (m, 2H, H-4) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 202.46 (C1), 137.01 (C8), 134.31 (C6), 131.36 
(C7), 114.96 (C9), 43.61 (C2), 32.09 (C5), 28.51 (C3), 21.47 (C4) ppm. 
 
EI MS m/e (relative intensity): 138 (19.50, M+), 109 (21.74, M+-CHO), 105 
(19.48), 97 (17.10), 95 (63.76, C7H11+, cleavage at C2-C3), 81 (45.64, C6H9+, 
cleavage at C3-C4), 79 (32.73), 69 (25.37), 67 (100.00, C5H7+, cleavage at C4-C5), 
55 (25.59), 53 (19.14). 
 
These data are in accordance with the published data139. 
6.8.5 Preparation of (1E, 6E)-N,N-Diethylnona-1,6,8-trien-1-amine (108) 
 
1
2
3
4
5
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10'
N
108
11
11'
Mol. Formula : C13H23N
Mol. Wt.: 193.33
 
A solution of 3.45 g (25 mmol) of aldehyde 139, 5.47 g (75 mmol) of diethyl amine, 
and 0.237 g (1.25 mmol) of p-toluenesulfonic acid in 200 mL of CH2Cl2 were 
heated under reflux with azeotropic removal of water until the evolution of water 
stopped (4 hours). The crude product obtained was further distilled under vacuum 
at 67oC (1.2 mbar) which gives (3.32 g, 17.2 mmol) 69% of enamine 108. The 
analytical data obtained for the enamine 108 are as follows: 
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1H NMR (400 MHz, CDCl3): δ = 6.34 (dt, J = 17.1 Hz, J = 10.3 Hz, 1H, H-8), 6.07 
(br dd, J = 10.1 Hz, J = 15.2 Hz, 1H, H-7), 5.88 (dt, J = 13.8 Hz, J = 1.1 Hz, 1H, H-
1), 5.73 (dt, J = 15.6 Hz, J = 7.2 Hz, 1H, H-6), 5.01 (dd, J = 16.9 Hz, J = 10.3 Hz, 
2H, H-9), 4.16 (dt, J = 13.8 Hz, J = 7.3 Hz, H-2), 2.96 (q, J = 6.6 Hz, 4H, H-10 and 
H-10’), 2.11 (q, J = 7.2 Hz, 2H, H-5), 1.98 (q, J = 7.2 Hz, H-3), 1.44 (quint, J = 7.4 
Hz, 2H, H-4), 1.06 (t, J = 7.3 Hz, 6H, H-11 and H-11’) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 137.42 (C7), 137.31 (C1), 135.72 (C6), 130.77 
(C8), 114.35 (C9), 97.40 (C2), 44.37 (C10 and C10'), 31.89 (C5), 31.12 (C3), 30.32 
(C4), 12.24 (C11 and C11') ppm.  
 
EI MS m/e (relative intensity): 193 (30.26, M+), 178 (12.61, M+-CH3), 164 (5.87, 
M+-C2H5), 138 (6.99), 125 (8.93, C8H15N+), 112 (100.00, C8H15N+, cleavage at C3-
C4), 98 (9.40, C6H12N+), 84 (10.26), 79 (9.72), 67 (8.81, C5H9+), 56 (15.98), 41 
(7.64). 
 
HRMS (EI) m/e calcd for: C13H23N, 193.18305, found: 193.18356. 
 
The structure of the enamine 108 was also confirmed by the data obtained from 
2D- NMR analysis. 
 
6.8.6 Cyclization of Enamine 108 by MoCl5 
 
9
1
2
34
5
6
7
8
140
Mol. Formula : C9H13ClO
Mol. Wt.: 172.65
O H
Cl
 
At 0oC, 3 mmol (0.579 g) of enamine 108 were added to the solution of 9 mmol 
(2.457 g) of MoCl5 in anhydrous CH2Cl2 (20 mL) under an inert atmosphere. After 
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stirring the reaction for 30 min, the resulting mixture was quenched with saturated 
NaHCO3 solution (20 mL) and the aqueous layer was extracted with CH2Cl2 (3 x 
50 mL). After drying with Na2SO4, the solvent was removed in vacuo and the 
residue was purified by column chromatography on silica gel (eluent: pentane: tert-
butylmethylether) to afford aldehyde 140 (0.408 g, 2.4 mmol) in 79% yield. The 
analytical data obtained for this compound are as shown below: 
 
1H NMR (400 MHz, CDCl3); δ = 9.55 (d, J = 2.7 Hz, H-9), 5.61 (m, 2H, H-6 and H-
7), 3.96 (d, J = 6.6 Hz, 2H, H-8), 2.72 (m, J = 8.1 Hz, 1H, H-2), 2.49 (dq, J = 2.6 
Hz, J = 8.1 Hz, 1H, H-1), 1.92-1.40 (m, 6H, H-3, H-4 and H-5) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 202.78 (C9), 136.92 (C6 or C7), 125.99 (C6 or C7), 
57.36 (C1), 44.59 (C8), 43.35 (C2), 32.84 (C5), 26.75(C3), 25.98(C4) ppm. 
 
EI MS m/z (relative intensity): 173 (2.48, M++H), 143 (26.86, M+-CHO), 137 
(11.36, M+-Cl), 123 (11.78, M+-CH2Cl), 107 (49.79, M+-CH2OCl), 95 (34.50, M+-
C2H4Ocl), 67 (100.00, C5H7+), 55 (26.45 C4H7+). 
 
The structure of the aldehyde 140 was confirmed by the data obtained from 2D-
NMR analysis as well as from the analytical data obtained from its hydrazone 
derivative 140a (prepared from standard method) as shown below. 
N
H
N
NO2
NO2
1
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3
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1314
15
140a
7
8
Cl
Mol. Formula : C15H17ClN4O4
Mol. Wt.: 352.77
 
 
Melting Point: 115oC. 
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1H NMR (200 MHz, CDCl3): δ 10.97 (br s, 1H, NH proton), 9.08 (d, J = 2.6 Hz, 1H, 
H-12), 8.26 (dd, J = 2.5 Hz, J = 9.6 Hz, 1H, H-14), 7.86 (d, J = 9.6 Hz, 1H, H-15), 
7.42 (d, J = 5.5 Hz, 1H, H-9), 5.67 (m, 2H, H-6 and H-7), 3.99 (d, J = 5.9 Hz, 2H, 
H-8), 2.56 (m, 2H, H-1 and H-2), 2.05 – 1.46 (m, 6H, H-3, H-4 and H-5) ppm. 
 
13C NMR (50 MHz, CDCl3): δ 153.87, 144.95, 137.17, 129.76, 128.64, 126.44, 
123.44, 123.27, 116.58, 48.81, 47.31, 44.33, 32.75, 30.17, 23.66 ppm. 
 
EI MS m/z (relative intensity): 352 (5.31, M+ = C16H19ClN4O4), 317 (100.00), 238 
(22.84), 181 (8.33), 152 (6.13), 119 (17.44), 107 (13.47), 91 (16.93), 79 (26.26), 
77 (13.46), 56 (10.42), 41 (16.56). 
 
HRMS (EI) m/e calcd for: C15H17ClN4O4, 352.09383, found: 352.09190. 
 
6.8.7 Cyclization of Enamine 108 Followed by Reduction with Sodium 
Borohydride  
 
1
2
3
4 5
9
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7
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N
6
143
Mol. Formula : C13H23N
Mol. Wt.: 193.33
 
 
Enamine 108 (0.579 g, 3 mmol) was added to a solution of MoCl5 (2.457 g, 6 
mmol) in anhydrous CH2Cl2 (20 mL) under an inert atmosphere at 0oC. After 
stirring the reaction for 30 min, 5 mL MeOH were added followed by NaBH4 (18 
mmol, 0.680 g) which was added in portions. After stirring for 12 h, the resulting 
reaction mixture was slowly quenched with saturated NaHCO3 solution (20 mL). 
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The organic layer was separated and the aqueous layer was extracted with CH2Cl2 
(3 x 50 mL). The combined organic layers were treated with brine, and dried over 
anhydrous Na2SO4 and the solvent was removed in vacuo. The residue obtained 
was further purified by flash chromatography to give the tertiary amine 143 (0.392 
g, 2.03 mmol) in 68% yield. The analytical data obtained for this compound are as 
shown below: 
 
1H NMR (400 MHz, CDCl3): δ = 6.23 (d, J = 15.2 Hz, 1H, H-6), 5.83 (m, J = 
15.2Hz, J = 6.7 Hz, 1H, H-7), 3.73 (br s, 2H, H-9), 3.06 (q, J = 7.3 Hz, 4H, H10 
and H-10’), 2.75 (t, J = 7.2 Hz, 2H, H-5), 2.53 (t, J = 7.4 Hz, H-3), 1.90 (m, J = 7.4 
Hz, 2H, H-4), 1.84 (d, J = 6.5Hz, 3H, H-8), 1.41 (t, J = 7.3 Hz, 6H, H-11 and H-11’) 
ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 144.79 (C2), 130.75 (C7), 126.09 (C1), 123.52 
(C6), 49.14 (C9), 46.37 (C10 and C10’), 36.66 (C5), 33.24 (C3), 21.71 (C4), 18.68 
(C8), 8.82 (C11 and C11’) ppm. 
 
EI MS m/z (relative intensity): 193 (9.34, M+), 178 (6.41, M+-CH3), 164 (3.34,M+-
C2H5), 150 (3.28, M+-C3H7), 121 (8.89, M+-C4H10N), 107 (2.20, M+-CH2N(C4H10)), 
105 (6.30), 93 (10.28), 86 (100.00, C5H12N+), 72 (8.20, C4H10N+), 58 (13.89, 
C3H8N+), 41 (3.30). 
 
HRMS (EI) m/e calcd for: C13H23N, 193.18305, found: 193.18137. 
 
The structure of compound 143 was also confirmed by the data obtained from 2D-
NMR analysis. 
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6.9 Synthesis and Reactions of (1E)-N,N-Diethyl-7-phenylhepta-
1,6-dien-1-amine (109) 
 
6.9.1 Preparation of 2-{[(6E/6Z)-7-phenylhept-6-en-1-yl]oxy}tetrahydro-
2H-pyran (149) 
 
O OPh
149
Mol. Formula : C18H26O2
Mol. Wt.: 274.40
 
 
To a suspension of 32.4 g (75 mmol, 1.5 eq.) of benzyltriphenylphosphine bromide 
in 150 mL of THF 47.0 mL of n-BuLi (1.6 M in hexane, 4.80 g, 75 mmol, 1.5 eq.) 
was added under argon condition at -78oC. The resulting orange-red color mixture 
was allowed to stir for 2h at room temperature. To this, 10.0 g (50 mmol) of 
aldehyde 118b in 25 mL THF was added at 0oC. 
 
The completion of reaction was monitored by the TLC. After stirring the reaction 
for 16h at room temperature, excess of n-BuLi was quenched with aqueous 
saturated NH4Cl solution. Extraction with Et2O (3 x 100 mL) followed by NaSO4 
drying and solvent evaporation gave crude 149. The product was separated from 
the triphenylphosphine oxide by extracting it with pentane which was later purified 
by flash chromatography (eluent: 10:1, pentane; tert-butylmethylether). The 
product 149 was obtained as colorless oil (11.02 g, 40.2 mmol) in 80% yield. TLC, 
Rf 0.64 (1:1, pentane: tert-butyl methyl ether). The product obtained was a mixture 
of cis/trans (1:2) isomers. The spectral data for compound 149 are as follows: 
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1H NMR (300 MHz, CDCl3): 
 “selected signal of trans isomer”: δ = 7.30 - 7.16 (m, 5H aromatic proton), 6.32 (br 
t, 1H, H-7), 6.12 (dt, J = 15.8 Hz, J = 7.1Hz, 1H, H-6), 2.15 (q, J = 7.0 Hz, 2H, H-5) 
ppm.  
“selected signal of cis isomer”: δ = 7.14 - 6.80 (m, 5H, aromatic protons), 6.27 (br 
s, 1H, H-7), 5.57 (dt, J = 11.6 Hz, J = 7.2 Hz, 1H, H-6), 2.24 (br q, J = 1.6 Hz, J = 
7.8 Hz, 2H, H-5) ppm. 
“common signal for both isomer”: δ = 4.49 (m, 2H, H-12), 3.83-3.59 (m, 4H), 3.44-
3.25 (m, 4H), 1.79-1.28 (m, 24H) ppm. 
 
13C NMR (75 MHz, CDCl3): 
 “selected signals of trans isomer”: δ = 137.88, 130.88, 129.86, 128.68, 128.38, 
128.04, 126.70, 125.86, 98.80, 67.28, 62.27, 32.88, 30.76, 29.48, 29.16, 25.80, 
25.49, 19.65 ppm. 
“selected signals of cis isomers”:  δ = 137.57, 132.90, 128.82, 128.30, 128.30, 
126.36, 125.80, 125.80, 98.80, 67.28, 62.23, 29.77, 28.52, 25.96 ppm.  
 
EI MS m/z (relative intensity): 274.2 (5.69, M+), 256.2 (0.23, M+-H2O), 190.1 
(1.70, C13H18O+), 172.1 (2.51, C13H12+), 143.1 (1.37), 117.0 (22.99, C9H9+), 104.0 
(11.51, C8H8+), 85.0 (100.0, C5H9O+), 57.0 (8.63). 
 
Anal. Calcd. for C18H26O2: C, 78.79; H, 9.55 found: C, 78.81; H, 9.58. 
 
6.9.2 Preparation of (E and Z)-7-Phenyl-6-hepten-1-ol (150) 
 
OHPh
150
1
2
3
4
5
6
7
Mol. Formula : C13H18O
Mol. Wt.: 190.28
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p-Toluenesulfonic acid monohydrate (0.35 g, 1.8 mmol) was added to a solution of 
protected alcohol 149 (10.14 g, 37 mmol) obtained from the last step in 100 mL of 
methanol. The reaction was stirred at room temperature for 4h. After completion of 
the reaction which was monitored by TLC, the crude reaction mixture was poured 
into sat. NaHCO3 solution and extracted with diethyl ether (3 x 100 mL). The 
combined organic layers were dried over Na2SO4, concentrated, and purified by 
column chromatography on silica gel (eluent: pentane: 2:1, tert-butylmethylether) 
to give (6.53 g, 34.4 mmol) 93% of alcohol 150 as a colorless oil. TLC, Rf: 0.37 
(1:1, pentane: tert-butylmethylether). The spectral data for the mixture of cis and 
trans isomers of 150 are as follows:  
 
1H NMR (400 MHz, CDCl3):  
“selected signals of trans isomer”: δ = 7.31-7.17 (m, 5H, aromatic proton), 6.38 (d, 
J = 15.7 Hz, 1H, H-7), 6.22 (dt, J = 15.8 Hz, J = 6.9 Hz, 1H, H-6), 2.22 (q, J = 6.8 
Hz, 2H, H-5) ppm. 
“selected signals of cis isomers”: δ = 7.14-7.09 (m, 5H, aromatic protons), 6.42 (d, 
J = 11.5 Hz, 1H, H-7), 5.88 (dt, J = 11.7 Hz, J=7.2 Hz, 1H, H-6), 2.35 (qd, J =  7.2 
Hz, J= 1.9 Hz, 2H, H-5) ppm. 
“common signal for both isomers”: δ = 3.64 (t, J = 6.8 Hz, 4H, H-1), 1.64-1.35 (m, 
14H) ppm. 
 
13C NMR (100 MHz, CDCl3):  
“signals of trans isomer”: δ = 138.77, 130.71, 129.88, 128.64, 128.37, 128.10, 
126.72, 125.83, 62.83, 32.80, 32.57, 29.08, 26.90 ppm. 
“signals of cis isomer” : δ = 137.66, 128.87, 128.37, 128.30, 126.72, 126.37, 
125.88, 125.41, 62.80, 32.54, 29.60, 26.40, 25.36 ppm. 
 
EI MS m/z (relative intensity): 190 (54.02, M+), 172 (6.13, M+-H2O), 157 (5.67, 
M+-H2O and CH3), 130 (38.01, M+-C3H8O), 117 (100.0, M+-C4H9O), 104 (93.05, 
C8H8+), 91 (45.57, C7H7+), 81 (20.71), 57 (23.79, C3H5O+). 
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Anal. Calcd. for C13H18O: C, 82.06; H, 9.53 found: C, 81.56; H, 9.68. 
 
These data are in accordance with the published data140. 
6.9.3 Preparation of (E and Z)-7-Phenyl-6-heptenal (151) 
OPh
151
1
2
3
4
5
6
7
Mol. Formula : C13H16O
Mol. Wt.: 188.27
 
10.32 g (48 mmol) of PCC and AcONa (0.787 g, 9.6 mmol) were suspended in 
anhydrous CH2Cl2 (200 mL) in a two neck flask equipped with a condenser. To 
this, 6.08g (32 mmol) of alcohol 150 in anhydrous CH2Cl2 (25 mL) were added 
under constant stirring. After 2h anhydrous Et2O (100 mL) was added, and the 
reaction mixture was filtered through a pad of silica gel which was thoroughly 
eluted with ether. After solvent evaporation the crude product was again purified 
by flash chromatography (eluent: 10:1, pentane: tert-butylmethylether) which gave 
(5.31g, 28 mmol) 89% of aldehyde 151 as colorless oil. TLC, Rf: 0.63 (1:1, 
pentane: tert-butylmethylether). The spectral data for the compound 151 are as 
follows: 
 
1H NMR (400 MHz, CDCl3):  
“signals of trans isomer”: δ = 9.71 (t, J = 1.7 Hz, 1H, H-1), 7.50-7.30 (m, 5H, 
aromatic protons), 6.35 (d, J = 15.9 Hz, 1H, H-7), 6.19 (dt, J = 15.8 Hz, J = 6.9 Hz, 
1H, H-6), 2.36 (q, J = 6.8 Hz, 2H, H-5) ppm. 
“signals of cis isomer”: δ = 9.67 (t, J = 1.7 Hz, 1H, H-1), 7.28-7.18 (m, 5H, 
aromatic protons), 6.41 (d, J = 12.1 Hz, 1H, H-7), 5.65 (dt, J = 11.7 Hz, J = 7.2 Hz, 
1H, H-6), 2.49-2.39 (m, 2H, H-5) ppm. 
“common signals of both isomers”: δ = 2.27 (dq, J = 7.2 Hz, J = 1.3 Hz, 4H, H-2), 
1.71 (m, 4H, H-3), 1.53 (m, 4H, H-4) ppm. 
13C NMR (100 MHz, CDCl3): 
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“signals of trans isomer” : δ = 202.27, 137.56, 130.22, 129.99, 128.58, 128.35, 
128.02, 126.79, 125.81, 43.57, 32.55, 28.68, 21.47  ppm. 
“signals of cis isomer” : δ = 202.24, 137.46, 132.03, 129.31, 128.35, 128.30, 
126.44, 125.81, 125.76, 43.49, 29.20, 28.09, 21.52 ppm. 
 
EI MS m/z (relative intensity): 188.1 (41.72, M+), 170.1 (4.92, M+-H2O), 144.1 
(11.76, M+-C2H4O), 129.1 (34.16, M+-C3H7O), 117.1 (100.0, M+-C4H7O), 104.0 
(44.70, C8H8+), 91.0 (52.69, C7H7+), 57.0 (22.86, C3H5O+). 
 
Anal. Calcd. for C13H16O: C, 82.94; H, 8.57, found: C, 82.37; H, 8.48. 
 
These data are in accordance with the published data164. 
 
6.9.4 Preparation of Diethyl-(7-phenyl-hepta-1,6-dienyl)-amine (109) 
1
2
3
4
5
6
7
8
9
8'
NPh
109
9'
Mol. Formula : C17H25N
Mol. Wt.: 243.39
 
9.02 g (48 mmol) of (E / Z)-7-phenyl-6-heptenal 151, 5.25 g (72 mmol, 1.5 eq.) of 
diethyl amine and 0.456 g (2.4 mmol) of p-toluenesulfonic acid was taken in 250 mL 
of CH2Cl2. This solution was heated under reflux with azeotropic removal of water until 
the evolution of water stopped (approx. 6h). The excess of diethyl amine was 
removed under vacuum. The product formed was separated from the p-
toluenesulfonic acid by diluting the reaction mixture with pentane (100 mL). The 
pentane extract was further concentrated under vacuum and distilled at 113oC /1.2 
mbar, which gave (10.23 g, 42 mmol) 88% of enamine 109. The analytical data of the 
compound 109 is as follows:  
1H NMR (400 MHz, CDCl3):  
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“selected signals of trans isomers”: δ = 7.28 - 7.15 (m, 5H, aromatic protons), 6.24 
(dt, J = 15.8 Hz, J = 6.8 Hz, 1H, H-6), 2.32 (dq, J = 1.8 Hz, J = 7.4 Hz, 2H, H-5) 
ppm.  
“selected signals of cis isomers”: δ = 7.15 - 7.10 (m, 5H, aromatic protons), 5.68 
(dt, J = 11.7 Hz, J = 7.4 Hz, 1H, H-6), 2.01 (dq, J = 10.7 Hz, J = 7.1 Hz, 2H, H-5) 
ppm.  
“common signal for both isomers”: δ = 6.34 (m, 2H, H-7), 5.84 (dt, J = 13.8 Hz, J = 
1.1 Hz, 2H, H-2), 4.16 (dt, J = 13.8 Hz, J = 6.9 Hz, 2H, H-1 ), 2.92 (q, J = 7.1 Hz, 
8H, H-8 and H-8’), 2.21 (dq, J = 1.2 Hz, J = 6.9 Hz, 4H, H-3), 1.49 (m, J = 7.3 Hz, 
4H, H-4), 1.04 (t, J = 7.1 Hz, 12H, H-9 and H-9’) ppm. 
 
13C NMR (100 MHz, CDCl3):  
“signals of trans isomers”: δ = 137.38, 131.36, 129.62, 128.72, 128.51, 128.39, 
128.02, 126.63, 125.91, 97.41, 44.45, 44.41, 32.40, 31.34, 30.39, 12.30, 12.30 
ppm. 
“signals of cis isomers”: δ = 138.03, 133.35, 130.37, 130.05, 128.60, 126.89, 
126.29, 125.87, 125.83, 97.21, 43.90, 43.74, 31.95, 28.74, 27.95, 15.17, 15.17 
ppm. 
 
EI MS m/z (relative intensity): 243 (2.57, M+), 228 (2.51, M+-CH3), 188 (18.66), 
144 (9.80, C11H12+, cleavage at C2-C3), 131 (6.52, C10H11+, cleavage at C3-C4), 117 
(100.00, C9H9+, cleavage at C4-C5), 112 (C7H14N+, cleavage at C3-C4), 91 (44.30, 
C7H7+), 77 (C6H5+), 65 (C5H5+). 
 
HRMS (EI) m/e calcd for: C17H25N, 243.19870, found: 243.19657. 
 
The structure of the enamine 109 was also confirmed by the data obtained from 
2D – NMR analysis. 
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6.9.5 Cyclization of Enamine 109 by MoCl5 at 0oC 
2 mmol (0.486 g) of enamine 109 were added to the solution of 6 mmol (1.638 g) 
of MoCl5 in anhydrous CH2Cl2 (20 mL) under an inert atmosphere at 0oC. After 
stirring the reaction for 30 min, the resulting mixture was quenched with saturated 
NaHCO3 solution (20 mL) and the aqueous layer was extracted with CH2Cl2 (3 x 
50 mL). The combined organic layers were dried over Na2SO4 and the solvent was 
removed in vacuo. The residue obtained was further purified by column 
chromatography on silica gel (eluent: pentane: tert-butylmethylether) which gave 
two products: aldehyde 153 (0.263 g, 1.18 mmol) and 154 (0.065 g, 0.35 mmol) in 
59% and 17% yield respectively.   
 
When the same reaction was carried out at -40oC, only aldehyde 153 was 
obtained in 64% yield. The analytical data obtained for both these compound are 
as shown below: 
 
911
10' Cl
O
H1
2
3
4 5
6
7
153
Mol. Formula : C13H15ClO
Mol. Wt.: 222.71
9'
8
10
 
1H NMR (400 MHz, CDCl3): δ = 9.63 (d, J = 3.4 Hz, 1H, H-7), 7.27 (m, 5H, 
aromatic protons), 4.68 (d, J = 9.7 Hz, 1H, H-6), 2.97 (m, 1H, H-2), 2.83 (m, 1H, H-
1), 1.78 (m, 3H, H-3 and H-5), 1.60 (m, 1H, H-4), 1.48 (m, 1H, H-3), 1.20 (m, 1H, 
H-4) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 202.58 (C7), (140.48, 128.52, 128.52, 128.38, 
128.38, 127.22 all aromatic carbons), 67.38 (C6), 55.92 (C1), 49.08 (C2), 31.44 
(C3), 25.29 (C5), 24.81 (C4) ppm. 
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EI MS m/z (relative intensity): 224 (2.09, M+ =C13H1537ClO), 222 (6.68, 
M+=C13H1535ClO), 187 (9.40, M+-Cl), 169 (10.99, M+-H2O and Cl), 158 (39.50, M+-
Cl and CHO), 144 (15.77, M+-C6H6), 125 (67.18, C7H6Cl+ cleavage at C2-C6), 115 
(39.68), 97 (6.51, C6H9O+ cleavage at C2-C6), 91 (100.00, C7H7+), 77 (15.02, 
C6H5+). 
 
HRMS (EI) m/e calcd for: C13H15ClO, 222.08114, found: 222.08033. 
 
The structure of aldehyde 153 was also confirmed by the data obtained from 2D-
NMR analysis. 
 
9
1110'
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O
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154
Mol. Formula : C13H14O
Mol. Wt.: 186,25
 
1H NMR (400 MHz, CDCl3): δ = 8.98 (s, 1H, H-7), 7.05 (m, 5H, aromatic protons), 
2.76 (d, J = 9.0Hz, 1H, H-6), 2.13 (m, 2H, H-3 and H-5), 1.71 (m, 2H, H-4), 1.51 
(m, 1H, H-3), 1.22 (m, 1H, H-2), 0.11 (m, 1H, H-5) ppm. 
  
13C NMR (100 MHz, CDCl3): δ = 200.74, 135.08, 129.08, 128.72, 128.60, 126.93, 
126.90, 48.20, 34.45, 33.34, 25.26, 23.52, 23.23 ppm. 
 
EI MS m/z: 186 (M+), 168 (M+-H2O), 157 (M+ - CHO), 141 (M+ - C2H5O), 129 (M+ -
C3H5O), 115 (M+ - C4H7O), 91 (C7H7+), 77 (C6H5+), 51 (C4H3+). 
 
The structure of aldehyde 154 was also confirmed by the data obtained from 2D-
NMR analysis. 
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6.10 Synthesis and Reactions of (1E)-7-Cyclopropyl-N,N-
diethylhepta-1,6-dien-1-amine (110) 
 
6.10.1 Preparation of Cyclopropylmethyltriphenyl Phosphonium 
Bromide 
 
PPh3Br
Mol. Formula : C22H22BrP
Mol. Wt.: 397.29
 
A solution of 15.0 g (111 mmol) cyclopropylmethylbromide and 43.62 g (166 mmol, 
1.5 eq.) of triphenylphosphine in anhydrous toluene (200 mL) was heated under 
reflux for 48 h. The resulting white precipitate was filtered and washed with two 50 
mL portion of toluene and dried in vacuo to acheive (43.36 g, 109mmol) 98% of 
the required phosphonium salt.  
 
1H NMR (300 MHz, CDCl3): δ 7.87-7.62 (m, 15H, aromatic protons), 3.80 (dd, J = 
6.7 Hz, J = 4.8 Hz, 2H), 0.84 (m, 1H), 0.53 (m, 4H) ppm. 
 
13C NMR (75 MHz, CDCl3): δ 134.91, 134.88, 133.89, 133.76, 130.35, 130.18, 
118.91, 117.70, 28.09, 27.44, 6.30, 4.19 ppm. 
 
Anal. Calcd. for C22H22PBr: C, 66.51; H, 5.58 found: C, 66.60; H,5.60 
 
These data are in accordance with the published data141. 
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6.10.2 Preparation of 2-{[(6E)-7-Cyclopropylhept-6-en-1-yl]oxy} 
tetrahydro-2H-pyran (160) 
 
O O
160
Mol. Formula : C15H26O2
Mol. Wt.: 238.371
2
3
4
5
6
7
8
9
109'
11
12
13
14
 
In a three neck round bottom flask equipped with dropping funnel 37.2 g (93.7 
mmol, 1.5 eq.) of cyclopropylmethyltriphenylphosphonium bromide in 150 mL of 
dry THF were taken under N2 conditions. At -78oC, 58.8 mL of n-BuLi (1.6M in 
hexane, 5.99 g, 93.7 mmol, 1.5 eq.) were added to this suspension which results 
in dark orange color mixture. After stirring this reaction mixture for 1h at room 
temperature, 12.5 g (62.5 mmol) of the aldehyde 118b in 20 mL THF were added 
drop wise at 0oC. The reaction mixture was allowed to stir for 16h at room 
temperature and excess of n-BuLi was quenched with aqueous saturated NH4Cl 
solution. Extraction with Et2O (3 x 150mL) followed by NaSO4 drying and solvent 
evaporation gave the crude product 160 which was further purified by flash 
chromatography (eluent: 10:1, pentane: tert-butylmethylether) as a colorless oil 
(11.39 g, 74 mmol) in 77% yield. TLC Rf: 0.50 (1:1, pentane: tert-butyl methyl 
ether). The product obtained is the mixture of cis and trans isomers in the ratio 2:1. 
The analytical data obtained for cis and trans isomers of 160 are as follows: 
 
1H NMR (400 MHz, CDCl3):  
“selected signals from trans isomer” : δ = 5.47 (dt, J = 15.4 Hz, J = 6.9 Hz, 1H, H-
6), 4.94 (ddt, J = 15.2 Hz, J = 8.4 Hz, J = 1.3 Hz, 1H, H-7) ppm. 
“selected signals from trans isomer” : δ = 5.28 (dt, J = 11.3 Hz, J = 7.1 Hz, 1H, H-
6), 4.71 (ddt, J = 11.5 Hz, J = 9.1 Hz, J = 1.3 Hz, 1H, H-7) ppm. 
“common signals from both isomers” : δ = 4.55 (br q, J = 4.1 Hz, 2H, H-10), 3.85 
(m, 2H), 3.71 (m, 2H), 3.48 (m, 2H), 3.37 (m, 2H), 2.15 (m, 2H), 1.98 (m, 2H), 
1.85-1.30 (m, 28H ), 0.64 (m, 4H), 0.29(m, 2H) ppm. 
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13C NMR (100MHz, CDCl3):  
“signals from cis isomer” : δ = 133.86, 128.09, 98.79, 67.58, 62.26, 30.77, 29.64, 
29.64, 27.52, 25.88, 25.51, 19.65, 9.53, 6.75, 6.28 ppm. 
“signals from trans isomer” : δ = 133.71, 128.03, 98.79, 67.55, 62.24, 32.37, 30.77, 
29.59, 29.48, 25.73, 25.12, 19.65, 13.42, 6.75, 6.28 ppm. 
 
 Anal. Calcd. for C15H26O2: C, 75.58; H, 10.99,  found: C, 75.31; H, 11.04. 
 
6.10.3 Preparation of (6E)-7-Cyclopropylhept-6-en-1-ol (161) 
 
9
9'
8 OH
161
1
2
3
4
5
6
7
Mol. Formula : C10H18O
Mol. Wt.: 154.25
 
10.95 g (46 mmol) of 160 was dissolved in 100 mL of methanol. The solution was 
stirred in presence of p-toluenesulfonic acid monohydrate (0.44 g, 2.3 mmol) at 
room temperature for 6h. The reaction was worked up by pouring into saturated 
NaHCO3 solution and extracted with ether (3 x 100 mL). The combined organic 
layers were dried over Na2SO4, concentrated, and purified by column 
chromatography on silica gel (eluent: 1:1, pentane: tert-butylmethylether) giving 
alcohol 161 (6.48 g, 42.1 mmol) in 92% yield as a colorless oil. The product 
obtained is mixture of cis and trans isomers (2:1). TLC, Rf 0.39 (1:1, pentane: tert-
butylmethylether. The analytical data obtained for the compound 161 are as 
follows: 
 
1H NMR (400 MHz, CDCl3): 
“selected signals from cis isomer”: δ = 5.30 (dt, J = 11.1 Hz, J = 7.0 Hz, 1H, H-6), 
4.72 (ddt, J = 11.3 Hz, J = 8.9 Hz, J = 1.2 Hz, 1H, H-7), 2.17 (m, 2H H-5) ppm. 
 
Experimental section 
 
 147
“selected signals from cis isomer”: δ = 5.49 (dt, J = 15.3 Hz, J = 6.8 Hz, 1H H-6), 
4.96 (ddt, J = 15.1 Hz, J = 8.2 Hz, J = 1,18 Hz, 1H, H-7), 1.98 (q, J = 6.8 Hz, 2H, 
H-5) ppm. 
“signals from both cis and trans isomer”: δ = 3.62 (q, J = 6.7 Hz, 4H, H-1), 1.81 (br 
s, 2H, protons of hydroxyl group from cis and trans isomers), 1.52-0.65 (m, 18H), 
0.29 (m, 4H) ppm. 
 
13C NMR (100 MHz, CDCl3):  
“signals from cis isomer” : δ = 133.96, 127.93, 62.89, 32.64, 29.55, 25.33, 25.22, 
9.54, 6.74, 6.29 ppm. 
“signals from trans isomer” : δ = 133.82, 127.90, 62.89, 32.61, 29.41, 27.49, 25.22, 
13.41, 6.74, 6.29 ppm. 
 
EI MS m/z (relative intensity): 154.1 (30.30, M+), 136.1 (3.42, M+-H2O), 121.1 
(8.86, M+-H2O and CH3), 107.1 (20.51, M+-C2H5O), 95.1 (39.53, C7H11+ cleavage 
at C3-C4), 81.1 (83.47, C6H9+ cleavage at C4-C5), 79.0 (100.00), 55.1 (35.80), 53.0 
(29.63). 
Anal. Calcd. for C10H18O: C, 77.87; H, 11.76 found: C, 77.00; H, 11.77. 
 
6.10.4 Preparation of (6E/Z)-7-Cyclopropylhept-6-enal (162) 
 
9
9'
8 O
162
1
2
3
4
5
6
7
Mol. Formula : C10H16O
Mol. Wt.: 152.23
 
To a stirred suspension of 12.61 g (58 mmol, 1.5 eq.) pyridinium chlorochromate 
and 0.96 g (11.7 mmol, 0.3 eq.) of AcONa in anhydrous CH2Cl2 (250 mL) was 
added 161 (6.00 g, 39 mmol) in anhydrous CH2Cl2 (25 mL). The reaction was kept 
for stirring 2h. Anhydrous Et2O (100 mL) was added after 2 h and the mixture was 
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filtered through a pad of silica gel which was thoroughly washed with ether. After 
solvent evaporation the crude product was purified by flash chromatography 
(eluent: 3:1, pentane: tert-butylmethylether) which gave (4.91 g, 32.2 mmol) 83% 
of aldehyde 162 as colorless oil. TLC Rf: 0.44 (10:1, pentane: tert-
butylmethylether). The spectral data for the mixture of 162 are as follows: 
1H NMR (400 MHz, CDCl3):  
“selected signals from cis isomer”: δ = 9.72 (t, J = 1.7 Hz, 1H, H-1), 5.25 (dt, J = 
10.1Hz, J = 7.5 Hz, 1H, H-6), 4.72 (br t, J = 10.9 Hz, 1H, H-7), 2.17 (dq, J = 7.4 
Hz, J = 1.7 Hz, 2H, H-5) ppm. 
“selected signals from trans isomer”: δ = 9.74 (t, J = 1.8 Hz, 1H, H-1), 5.44 (dt, J = 
15.2 Hz, J = 6.5 Hz, 1H, H-6), 4.94 (ddt, J = 15.4 Hz, J = 8.0 Hz, J = 1.3 Hz, 1H, 
H-7), 1.96 (dq, J = 6.8 Hz, J = 1.6 Hz, 2H, H-5) ppm. 
“signals from both cis and trans isomer”: δ = 2.42 (m, 4H, H-2), 1.65 (m, 4H, H-3), 
1.49 (m, 5H), 0.61 (m, 5H), 0.27 (m, 4H) ppm. 
 
13C NMR (100 MHz, CDCl3): 
“selected signals from cis isomer”: δ = 202.62, 134.40, 127.29, 43.71, 32.06, 
29.19, 27.17, 21.60, 9.25, 6.75 ppm. 
“selected signals from trans isomer”: δ = 202.60, 134.31, 127.23, 43.70, 29.05, 
27.17, 21.60, 21.48, 13.40, 6.29 ppm. 
 
EI MS m/z (relative intensity): 152 (4.22, M+), 119 (7.99, M+-H2O and CH3), 109 
(13.41, M+-C2H3O, cleavage at C2-C3), 95 (16.13, M+-C3H5O, cleavage at C3-C4), 
93 (34.87), 81 (68.08, M+-C4H7O, cleavage at C4-C5), 79 (91.86), 67 (100.00, 
C5H7+),  41 (55.62, C3H5+ ). 
 
HRMS (EI) m/e calcd for: C10H16O, 152.12011, found: 152.12068. 
 
These data are in accordance with the published data142. 
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6.10.5 Preparation of (1E,6E/Z)-7-Cyclopropyl-N,N-diethylhepta-1,6-
dien-1-amine (110) 
 
1
2
3
4
5
6
7
89
10
N
110
9'
10'
11'
11
Mol. Formula : C14H25N
Mol. Wt.: 207.35
 
4.56 g (30 mmol) of aldehyde 162, 6.57 g (90 mmol) of diethyl amine and 0.28 g (1.5 
mmol) of p-toluenesulfonic acid were taken in 250 mL of dichloromethane. This 
solution was heated under reflux with azeotropic removal of water until the evolution 
of water stopped (6 h). The crude product obtained was distilled again under vacuo at 
87oC (1.2 mbar) to give (3.98 g, 19.2 mmol) 64% of enamine 110. The analytical data 
of the compound 110 is as follows: 
 
1H NMR (400 MHz, CDCl3):  
“selected signals from cis isomer”: δ = 5.30 (dt, J = 10.6 Hz, J = 7.4 Hz, 1H, H-6), 
4.71 (m, J = 10.1 Hz, J = 1.4 Hz, 1H, H-7) ppm. 
“selected signals from trans isomer”: δ = 5.50 (dt, J = 15.2 Hz, J = 6.8 Hz, 1H, H-
6), 4.95 (tdd, J = 1.3 Hz, J = 8.5 Hz, J = 15.2Hz, 1H, H-7) ppm. 
“common signals from both  isomer”: δ  = 5.84 (td, J = 1.1 Hz, J = 13.8 Hz, 2H, H-
1), 4.16 (m, J = 7.0 Hz, J = 15.1 Hz, 2H, H-2), 2.94 (q, J = 7.11 Hz, 8H, H-10 and 
H-10’), 2.17 (dq, J = 1.4 Hz, J = 7.4 Hz, 2H, H-5), 1.98 (m, 4H, H-3), 1.42 (m, 8H, 
H-4, H-5 and H-8), 1.03 (t, J = 7.13 Hz, 12H, H-11 and H-11’), 0.70 (m, 4H, H-9 or 
H-9’), 0.30 (m, 4H, H-9 or H-9’) ppm. 
 
13C NMR (100 MHz, CDCl3):  
“selected signals from cis isomer”: δ = 137.22, 133.66, 128.40, 97.73, 44.41, 
44.41, 31.86, 31.83, 30.38, 26.97, 12.24, 12.24, 9.57, 6.75 ppm. 
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“selected signals from trans isomer”: δ = 137.18, 133.50, 128.37, 97.78, 44.39, 
44.39, 31.64, 30.38, 30.29, 26.97, 13.45, 13.45, 6.75, 6.28 ppm. 
 
EI MS m/e (relative intensity); 207 (3.87, M+), 192 (7.35, M+-CH3), 178 (37.56, 
M+-C2H5), 126 (5.30, C8H16N+, cleavage at C4-C5), 112 (100.00, C7H14N+, cleavage 
at C3-C4), 98 (13.23, C6H12N+, cleavage at C2-C3), 95 (6.26, C7H11+, cleavage at 
C3-C4), 81 (21.08, C6H9+, cleavage at C4-C5), 67 (21.81, C5H7+, cleavage at C5-C6), 
41 (27.70, cleavage at cyclopropane ring). 
 
HRMS (EI) m/e calcd for: C14H25N, 207.19870, found: 207.19686 
 
The structure of enamine 110 was also confirmed by the data obtained from 2D-
NMR analysis. 
 
6.10.6 Cyclization of Enamine 110 by MoCl5 
 
O
H
Cl
163
1
2
3
4 5
67
8
9
10
Mol. Formula : C10H15ClO
Mol. Wt.: 186.68
 
When 2.5 mmol (0.517 g) of enamine 110 was treated with 7.5 mmol MoCl5 (2.047 
g) in anhydrous CH2Cl2 (20mL) at 0oC for 30 min, aldehyde 163 (0.326 g, 1.8 
mmol) was obtained in 70% yield. The detailed experimental procedure is 
discussed above in chapter 5.8.6. The analytical data obtained for the aldehyde 
163 are as shown below: 
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1H NMR (400 MHz, CDCl3): δ = 9.67 (d, J = 2.9Hz, 1H, H-10), 5.47 (m, 2H, H-6 
and H-7), 3.49 (t, J = 6.8 Hz, 2H, H-9), 2.69 (m, 1H, H-2), 2.43 (m, 3H, H-1 and H-
8), 1.86 (m, 1H, H-3), 1.75 (m, 2H, H-5), 1.63 (m, 1H, H-4), 1.45 (m, 2H, H-3 and 
H-4) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 203.29 (C10), 135.3 (C6), 126.07 (C7), 57.71 (C1), 
44.54 (C2), 44.08 (C9), 35.58 (C8), 33.35 (C3), 26.01 (C5), 24.57 (C4) ppm. 
 
EI MS m/z (relative intensity): 188 (2.57, M+ = C10H1537ClO), 186 (7.67, M+ = 
C10H1535ClO), 157 (76.50, M+-CHO), 123 (100.00, M+-CHO and HCl or C8H11O+ 
cleavage at C7-C8), 119 (13.48), 105 (14.93), 95 (71.10, C7H9+), 81 (54.02), 79 
(40.65), 67 (63.37, C5H7+), 55 (13.19, C4H7), 41 (25.88). 
 
The structure of the aldehyde 163 was confirmed by the data obtained from 2D-
NMR analysis as well as from the analytical data obtained from its hydrazone 
derivative 163a as shown below: 
 
N
H
N
NO2
NO2
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1415163a
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8 Cl
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Mol. Formula : C16H19ClN4O4
Mol. Wt.: 366.8
 
1H NMR (400 MHz, CDCl3): δ = 10.97 (br s, NH proton), 9.08 (d, J = 2.5 Hz, 1H, 
H-13), 8.25 (dd, J = 2.6 Hz, J = 9.6 Hz, 1H, H-15), 7.88 (d, J = 9.6 Hz, 1H,  H-16), 
7.41 (d, J = 5.6 Hz, d, H-10), 5.46 (m, 2H, H-6 and H-7), 3.47 (t, J = 6.7 Hz, 2H, H-
9), 2.44 (m, 3H, H-1 and H-8), 2.02-1.44 (m, 7H) ppm. 
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13C NMR (100 MHz, CDCl3): δ = 154.82, 145.35, 135.36, 135.12, 129.85, 127.29, 
126.61, 123.47, 116.54, 48.99, 48.30, 44.42, 35.78, 33.10, 30.14, 24.00 ppm. 
 
EI MS m/z (relative intensity); 368 (5.51, M+ = C16H1937ClN4O4), 366 (15.79, M+ = 
C16H1935ClN4O4), 349 (11.26), 320 (18.17), 257 (9.68), 237 (54.68), 202 (21.41), 
189 (21.93), 183 (28.93), 169 (56.47), 156 (68.23), 149 (28.05), 119 (45.01), 105 
(70.89), 93 (95.23), 91 (82.79), 79 (100.00), 67 (73.44), 55 (29.38), 41 (73.26). 
 
HRMS (EI) m/e calcd for: C16H19ClN4O4 366.10948, found: 366.10718. 
 
Anal. Calcd. for C16H19ClN4O4: C, 52.39; H, 5.22; N,15.27,  found: C, 52.36; H, 
5.18; N, 15.08. 
 
6.10.7 Cyclization of Enamine 110 Followed by Reduction with NaBH4 
 
1
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Mol. Formula : C14H26ClN
Mol. Wt.: 243.82
 
Enamine 110 (0.310 g, 1.5 mmol) was added to the solution of MoCl5 (1.228 g, 3 
mmol) in anhydrous CH2Cl2 (20 mL) under an inert atmosphere at 0oC. After 
stirring the reaction for 30 min, 5 mL MeOH was added followed by NaBH4 (9 
mmol, 0.340 g) which was added in portions. After the workup of this reaction as 
discussed in chapter 5.8.7 tertiary amine 164 (0.312 g, 1.3 mmol) was obtained in 
86% yield. The analytical data obtained for this compound are as shown below: 
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1H NMR (400 MHz, CDCl3); δ = 5.32 (m, 2H, H-6 and H-7), 3.43 (dt, J = 1.5Hz, J = 
8.6 Hz, 2H, H-9), 2.51-2.34 (m, 7H, H-8, H-11, H-11’ and one proton from H-10), 
2.10 (br dd, J = 9.3 Hz, J = 2.9 Hz, 1H, H-10), 1.86 (m, 3H, H-2 and H-5), 1.79 (m, 
1H, H-3), 1.62 (m, 1H, H-1), 1.53 (m, 2H, H-4), 1.26 (m, 1H, H-3), 0.91 (t, J = 
7.12Hz, 6H, H-12 and H-12’) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 138.06 (C6), 124.72 (C7), 57.27 (C10), 48.51 (C2), 
47.44 (C11 and C11'), 44.49 (C9), 44.03 (C1), 35.86 (C8), 32.83 (C3), 31.72 (C5), 
29.56 (C4), 11.59 (C12 and C12') ppm. 
 
EI MS m/z (relative intensity): 245 (0.21, M+= C14H2637ClN), 243 (0.64, M+= 
C14H2635ClN), 228 (1.07, M+-CH3), 208 (0.50, M+-Cl), 121 (0.20, C9H14+), 107 (0.47, 
C8H13+), 86 (100.00, C5H12N+), 72 (2.77, C4H10N+), 67 (1.75, C5H7+), 42 (1.13, 
C3H6+). 
 
HRMS (EI) m/e calcd for: C14H26ClN, 243.17538, found: 243.17594. 
 
The structure of compound 164 was also confirmed by the data obtained from 2D-
NMR analysis. 
 
6.11 Synthesis of (E)-N,N-Diethylhexa-1,5-dien-1-amine 170 
 
6.11.1 Preparation of Hex-5-enal (172) 
 
O
115
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Mol. Formula : C6H10O
Mol. Wt.: 98,14
 
In a 500-mL round bottom flask equipped with condenser, 22.63 g (105 mmol) of 
pyridinium chlorochromate and 1.72 g (20 mmol) sodium acetate in 150 mL 
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dichloromethane. To this mixture 7.0 g (70 mmol) of hex-5-enol in 25 mL CH2Cl2 
were added over period of 15 min. The reaction mixture was allowed to stir for 2h. 
After the completion of reaction (confirmed by TLC) 100 mL of anhydrous diethyl 
ether was added and the reaction mixture was filtered through a pad of silica gel 
which was thoroughly washed with diethyl ether. After solvent evaporation the 
crude product was purified again by flash chromatography (eluent used: pentane) 
to give (5.14 g, 52 mmol) 75% of aldehyde 172 as colorless oil. The spectral data 
obtained for the compound 172 are as follows: 
 
1H NMR (400 MHz, CDCl3): δ = 9.77 (t, J = 1.6 Hz, 1H, H-1), 5.76 (m, 1H, H-5), 
5.01 (m, 2H, H-6), 2.45 (dt, J = 7.3 Hz, J = 1.61 Hz, 2H, H-2), 2.09 (br q, J = 6.8 
Hz, 2H, H-4), 1.74 (m, J = 7.3 Hz, 2H, H-3) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 202.32 (C1), 137.50 (C5), 115.49 (C6), 43.06 (C2), 
32.92 (C4), 21.15 (C3) ppm. 
 
EI-MS m/e (relative intensity): 98 (1.95, M+), 97 (4.13, M+-H), 80 (46.62, M+-
H2O), 69 (15.83, M+-CHO), 55 (29.87, C4H7+, cleavage at C2-C3), 54 (100, C4H6+, 
by McLafferty rearrangement), 41 (51.92, C3H5+, cleavage at C3-C4). 
 
HRMS (EI) m/e calcd for: C6H10O (M-H), 97.06534, found: 97.06532. 
 
These data are in accordance with the published data143. 
 
6.11.2 Preparation of (E)-N,N-Diethylhexa-1,5-dien-1-amine (170) 
 
N
113
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Mol. Formula : C10H19N
Mol. Wt.: 153.26
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3.92 g (40 mmol) of 5-hexenal (172), 8.76 g (120 mmol) of diethyl amine and 0.380 g 
(2 mmol) of p-toluenesulfonic acid were taken in 200 mL of CH2Cl2. This solution was 
heated under reflux with azeotropic removal of water until the evolution of water 
stopped (about 4h). The crude product obtained, on further distillation gave (3.84 g, 
25.1 mmol) 63% of enamine 170. The analytical data obtained for this enamine are as 
follows: 
 
Boiling Point: 45oC / MPV 
 
1H NMR (400 MHz, CDCl3): δ = 5.90 (d, J = 13.9 Hz, 1H, H-1), 5.82 (m, 1H, H-5), 
4.96 (br dd, J = 15.4 Hz, 10.3 Hz, 2H, H-6), 4.15 (dt, J = 13.9 Hz, J = 6.9 Hz, 1H, H-2), 
2.97 (q, J = 6.6 Hz, 4H, H-7 and H-7’), 2.05 (m, 4H, H-3 and H-4), 1.07 (t, J = 6.7 Hz, 
6H, H-8 and H-8’) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 139.08 (C1), 137.31 (C5), 114.09 (C6), 97.01 (C2), 
44.42 (C7 and C7’), 36.14 (C3), 30.49 (C4), 12.25 (C8 and C8’) ppm. 
 
EI MS m/e (relative intensity): 153 (12.85, M+), 136 (4.25), 112 (100.00, C7H14N+, 
cleavage at C3-C4), 98 (17.88, C6H12N+, cleavage at C2-C3), 81 (69.47, C6H9+, 
cleavage at C1-N), 67 (41.54, C5H7+), 57 (77.40), 41 (58.41, C3H5+, cleavage at C3-
C4). 
 
6.12 Synthesis and Reactions of (E)-N,N-Diethylocta-1,7-dien-1-
amine 171 
6.12.1 Synthesis of Oct-7-enal (173) 
O
173
1
2
3
4
5
6
7
8
Mol. Formula : C8H14O
Mol. Wt.: 126.20
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To a stirred suspension of 32.27 g (150 mmol) pyridinium chlorochromate and 
2.461 g (30 mmol) AcONa in anhydrous dichloromethane (250 mL) 12.8 g (100 
mmol) of oct-7-en-1-ol in anhydrous CH2Cl2 (25 mL) was added. After stirring the 
reaction mixture for 2h, anhydrous Et2O (100 mL) was added, and the entire 
reaction mixture was filtered through a pad of silica gel and was thoroughly 
washed with ether. After solvent evaporation the crude product was purified by 
flash chromatography (eluent: 10:1, pentane: tert-butylmethylether,) which gave 
(10.21g, 81 mmol) 81% of aldehyde 173 as colorless oil. TLC Rf: 0.64 (pentane). 
The spectral data for the compound 173 are as follows: 
 
1H NMR (400 MHz, CDCl3): δ = 9.74 (t, J =1.8 Hz, 1H, H-1), 5.76 (m, 1H, H-7), 
4.98 (dd, J = 16.8 Hz, J = 10.9 Hz, 2H, H-8), 2.40 (dt, J = 1.83 Hz, J = 7.3 Hz, 2H, 
H-2), 2.02 (br q, J = 7.0 Hz, 2H, H-6), 1.61 (m, J = 6.9 Hz, 2H, H-3), 1.33 (m, 4H, 
H-4 and H-5) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 202.7 (C1), 138.6 (C7), 114.45 (C8), 43.78 (C2), 
33.45 (C6), 28.54 (C3), 28.54 (C5), 21.86 (C4) ppm. 
 
EI MS m/e (relative intensity): 125 (5.20, M+-H), 97 (11.90, M+-CHO), 83 (20.38, 
M+-C2H3O), 82 (36.66, M+-C2H4O by McLafferty rearrangement), 73 (10.67), 67 
(42.54), 60 (37.35), 55 (100.00, C3H5O+, cleavage at C3-C4), 54 (28.32), 51 (7.11). 
These data are in accordance with the published data144. 
 
6.12.2 Synthesis of (E)-N,N-Diethylocta-1,7-dien-1-amine (171) 
N
171
1
2
3
4
5
6
7
8
9
9'
10
10'
Mol. Formula : C12H23N
Mol. Wt.: 181.32
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10.08 g (80 mmol) of oct-7-enal 173, 17.52g (240 mmol, 3 eq.) of diethyl amine and 
0.76g (4 mmol) of p-toluenesulfonic acid were taken in 250 mL of CH2Cl2. This 
solution was heated under reflux with azeotropic removal of water until the evolutaion 
of water stopped (6 hours).The excess of diethyl amine was removed under vacuo. 
Further distillation of the crude product gave (8.63 g, 55.2 mmol) 60% of enamine 
171. The analytical data of compound 171 are as follows:  
 
Boiling Point: 67oC / OPV 
 
1H NMR (400 MHz, CDCl3): δ = 5.90 (br d, J = 16.2 Hz, 1H, H-1), 5.84 (m, 1H, H-
7), 5.00 (br q, J = 17.7 Hz, J=10.6 Hz, 2H, H-8), 4.20 (dt, J = 14.9 Hz, J = 7.5 Hz, 
1H, H-2), 2.95 (q, J = 7.4 Hz, 4H, H-9 and H-9’), 2.08 (br q, J = 7.5 Hz, 2H, H-6), 
1.98 (br q, J = 6.8 Hz, 2H, H-3), 1.37 (m, 4H, H-4 and H-5), 1.06 (t, J = 6.8 Hz, H-
10 and H-10’) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 139.29 (C2), 137.08 (C7), 113.96 (C8), 97.92 (C1), 
44.37 (C9 and C9’), 33.71 (C6), 31.23 (C3), 30.63 (C5), 28.35 (C4), 12.23 (C10 and 
C10') ppm. 
 
EI MS m/e (relative intensity): 181 (2.30, M+), 166 (3.79, M+-CH3), 113 (8.33, 
C7H15N+ by McLafferty rearrangement), 112 (100.00, C7H14N+, cleavage at C3-C4), 
99 (20.64, C6H13N+), 86 (22.76), 69 (3.69, C5H9+, cleavage at C3-C4), 58 (24.39), 
55 (12.66, C4H7+, cleavage at C4-C5), 41 (18.44, C3H5+ cleavage at C5-C6). 
 
HRMS (EI) m/e calcd for: C12H23N 181.18305, found: 181.18216. 
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6.13 Synthesis of 4-Cyclopentenylmorpholine (174) 
NO
174
1
1'
2
2'
3
4
5
6
7
Mol. Formula : C9H15NO
Mol. Wt.: 153.22
 
200 mmol (17.7 mL) of cyclopentanon, 240 mmol (20.88 g) of morpholine and 10 
mmol (1.90 g) of p-toluenesulfonic acid were taken in toluene (200 mL). This 
reaction mixture was heated under reflux with azeotropic removal of water until 
evolution of water stopped (about 6h). The product was obtained from the residue 
by distillation which gave (23.73 g, 155 mmol) 77% of enamine 174. The analytical 
data obtained for this enamine are as follows: 
 
Boiling Point: 41oC / MPV 
 
1H NMR (400 MHz, CDCl3): δ = 4.47 (m, J = 1.7 Hz, 1H, H-4), 3.37 (t, J = 4.8 Hz, 
4H, H-1 and H-1’), 2.89 (t, J = 4.8 Hz, 4H, H-2 and H-2’), 2.35 (m, 4H, H-5 and H-
5’), 1.89 ( m, 2H, H-6) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 151.71 (C3), 98.30 (C4), 66.93 (C1 and C1’), 49.01 
(C2 and C2’), 31.29 (C5 or C7), 31.25 (C5 or C7), 22.45 (C6) ppm.  
EI MS m/e (relative intensity): 153 (46.56, M+), 152 (84.16, M+-H), 136(32.86, 
M+-OH), 123 (20.31, C8H13N+), 109 (32.96, C7H11N+), 87 (100.00, C4H9NO+), 67 
(29.10, C5H7+) 
 
These data are in accordance with the published data145. 
 
 
Experimental section 
 
 159
6.14 Synthesis of 2-Methyl-1-morpholinopropene (175) 
1
2
3
4
5
5'
2'
1'
N
O
175
Mol. Formula : C8H15NO
Mol. Wt.: 141.21
 
Morpholine (24.2 mL, 23.92 g, 275 mmol) and a catalytic amount of p-toluene 
sulfonic acid were added at 0oC to a solution of isobutyraldehyde (22.8 mL, 18.0 g, 
250 mmol) in dichloromethane (250 mL). The solution was heated under reflux 
overnight and the water was removed azeotropically with a Dean-Stark apparatus. 
After cooling to room temperature, the mixture was washed with water (50 mL) 
and dried with sodium sulfate. The solvent was removed and the residue was 
distilled to afford (35.66 g, 252 mmol) 92% of 2-methyl-1-morpholinopropene 175 
as a colorless liquid.  
 
Boiling Point: 76-78oC / MPV 
 
1H NMR (300 MHz, CDCl3): δ = 5.30 (m, J = 1.4 Hz, 1H, H-3), 3.69 (m, 4H, H-1 
and H-1’), 2.55 (m, 4H, H-2 and H-2’), 1.68 (s, with fine splitting, 3H, H-5 or H-5’), 
1.61 (s, with fine splitting, 3H, H-5 or H-5’) ppm. 
 
13C NMR (75MHz, CDCl3): δ = 135.3, 123.4, 66.8, 53.1, 22.1, 17.3 ppm. 
These data are consistent with the published spectra146. 
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8 X-Ray Crystal Data 
 
8.1 Data from the X-ray crystal structure of bicyclic acid 92 
  
Structural Formula Chemical Formula 
 
    Cell Constants with Standard Deviations 
 
Molecular Weight Crystal Colour Crystal Size 
 Molecules per Unit Cell Calculated Density 
 
Crystal System Space Group Reflections Used for Cell Param. 
 
Wavelength Monochromator/Filter 
 
Absorption Coefficient Method of Absorption Correction Absorption Correction 
 
Total No. of Reflections Collected  Data Measured No. of Independent Reflections 
 
Internal Consistency No. of Observed Reflections No. of Refined Parameters 
                                                                          Error of Fit 
 
Final Maximum Shift/Error Final Difference Fourier Enantiopol Parameter 
 
Isotropic Extinction Coefficient Remarks 
 
 
C7
C6 C1
C8
C5
C10
O1
O2
C9
C2
C3
C4
 
C10H16O2 
 a [Å] =     6.896(1) 
 b [Å] =    7.412(1) 
 c [Å] = 10.277(1) 
 α [°] =    75.76(1) 
 β [°] =    72.52(1) 
 γ [°] =    70.72(1) 
 V [Å3] = 466.6(1) 
 T [°C] = -75 
0.30 x 0.20 x 0.05 mm Mr =  168.23 gmol-1 colourless 
Dcalcd = 1.197 gcm-3 F(000) =   184 e Z =  2 
CCD data collection P1bar                      (No. 2) triclinic 
 graphite [(sinΘ)/λ]max = 0.67 Å-1 λ = 0.71073 Å 
HKL2000 min:   97.6 % max:   99.6 % μ =  0.81 cm-1 
  ± h      ± k      ± l 2256 4688 
1573 113 Rav =  0.036 
Rw2 =  0.114 1.041 R =  0.049 
ρ =  0.22 (-0.20) eÅ-3 0.000  
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      Table 1.  Crystal data and structure refinement for ERK3029.  
   
        
      Identification code               ERK3029  
   
      Empirical formula                 C10 H16 O2     
      Formula weight                    168.23  
   
      Temperature                       198(2) K  
   
      Wavelength                        0.71073 Å  
   
      Crystal system, space group       triclinic,  P-1 (No.2) 
   
      Unit cell dimensions              a =  6.896(1) Å   α = 75.76(1)°.  
                                        b =  7.412(1) Å   β = 72.52(1)°.  
                                        c = 10.277(1) Å   γ = 70.72(1)°.  
   
      Volume                            466.6(1) Å3  
   
      Z, Calculated density             2,  1.197 Mg/m3  
   
      Absorption coefficient            0.081 mm-1  
   
      F(000)                            184  
   
      Crystal size                      0.30 x 0.20 x 0.05 mm  
   
      Theta range for data collection   2.11 to 28.29°.  
   
      Limiting indices                  -8<=h<=9, -8<=k<=9, -12<=l<=13  
   
      Reflections collected / unique    4688 / 2256 [R(int) = 0.036]  
   
      Completeness to theta = 28.29     97.7 %  
   
      Absorption correction             Empirical  
   
      Max. and min. transmission        0.9959 and 0.9760  
   
      Refinement method                 Full-matrix least-squares on F2  
   
      Data / restraints / parameters    2256 / 0 / 113  
   
      Goodness-of-fit on F2             1.041  
   
      Final R indices [I>2σ(I)]         R1 = 0.0493, wR2 = 0.1140  
   
      R indices (all data)              R1 = 0.0811, wR2 = 0.1282  
   
      Largest diff. peak and hole       0.224 and -0.196 eÅ-3  
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         Table 2.  Atomic coordinates ( x 104) and equivalent isotropic  
         displacement parameters (Å2 x 103) for ERK3029.  
         U(eq) is defined as one third of the trace of the orthogonalized  
         Uij tensor.             _______________________________________________________________  
   
                         x             y             z           U(eq)  
         ________________________________________________________________  
   
          C(1)         6059(2)       2508(2)       6937(1)       25(1)  
          C(2)         4335(2)       4345(2)       7329(2)       30(1)  
          C(3)         5510(3)       5750(2)       7396(2)       38(1)  
          C(4)         7820(3)       5024(2)       6617(2)       38(1)  
          C(5)         8198(2)       2928(2)       6520(2)       29(1)  
          C(6)         7753(2)       1470(2)       7783(2)       28(1)  
          C(7)         8927(3)       -627(2)       7671(2)       38(1)  
          C(8)         7424(3)       1858(3)       9223(2)       41(1)  
          C(9)         2577(2)       4072(3)       8609(2)       41(1)  
          C(10)        5615(2)       1377(2)       6124(2)       28(1)  
          O(1)         6974(2)        471(2)       5249(1)       43(1)  
          O(2)         3615(2)       1438(2)       6383(1)       40(1)  
         ________________________________________________________________  
  
           
        Table 3.  Bond lengths [Å]  and angles [°] for ERK3029.  
         _____________________________________________________________  
   
            C(1)-C(10)                    1.471(2)  
            C(1)-C(5)                     1.5213(19)  
            C(1)-C(2)                     1.531(2)  
            C(1)-C(6)                     1.549(2)  
            C(2)-C(9)                     1.521(2)  
            C(2)-C(3)                     1.540(2)  
            C(3)-C(4)                     1.533(2)  
            C(4)-C(5)                     1.511(2)  
            C(5)-C(6)                     1.496(2)  
            C(6)-C(7)                     1.512(2)  
            C(6)-C(8)                     1.513(2)  
            C(10)-O(1)                    1.2298(18)  
            C(10)-O(2)                    1.3115(18)  
   
            C(10)-C(1)-C(5)             119.48(12)  
            C(10)-C(1)-C(2)             117.06(12)  
            C(5)-C(1)-C(2)              108.61(12)  
            C(10)-C(1)-C(6)             118.24(12)  
            C(5)-C(1)-C(6)               58.30(9)  
            C(2)-C(1)-C(6)              120.79(12)  
            C(9)-C(2)-C(1)              116.38(13)  
            C(9)-C(2)-C(3)              113.81(13)  
            C(1)-C(2)-C(3)              105.68(12)  
            C(4)-C(3)-C(2)              107.33(13)  
            C(5)-C(4)-C(3)              106.99(13)  
            C(6)-C(5)-C(4)              121.36(13)  
            C(6)-C(5)-C(1)               61.77(10)  
            C(4)-C(5)-C(1)              107.93(12)  
            C(5)-C(6)-C(7)              116.60(13)  
            C(5)-C(6)-C(8)              122.16(14)  
            C(7)-C(6)-C(8)              110.82(13)  
            C(5)-C(6)-C(1)               59.93(9)  
            C(7)-C(6)-C(1)              117.95(12)  
            C(8)-C(6)-C(1)              121.09(13)  
            O(1)-C(10)-O(2)             121.72(14)  
            O(1)-C(10)-C(1)             123.84(13)  
            O(2)-C(10)-C(1)             114.43(12)  
           _____________________________________________________________  
   
                         
 
 
 
 
 
 
 
 
X-ray  Crystal Data 
 
 170
    Table 4.  Anisotropic displacement parameters (Å2 x 103) for ERK3029.  
    The anisotropic displacement factor exponent takes the form:  
    -2 π2 [ h2 a*2 U11 + ... + 2 h k a* b* U12 ]     
    _______________________________________________________________________  
   
              U11        U22        U33        U23        U13        U12  
    _______________________________________________________________________  
   
    C(1)     27(1)      26(1)      23(1)      -5(1)      -6(1)      -7(1)  
    C(2)     32(1)      28(1)      31(1)      -7(1)      -8(1)      -5(1)  
    C(3)     46(1)      27(1)      40(1)      -8(1)     -10(1)      -9(1)  
    C(4)     43(1)      32(1)      44(1)      -6(1)     -10(1)     -16(1)  
    C(5)     29(1)      31(1)      29(1)      -7(1)      -5(1)     -11(1)  
    C(6)     30(1)      27(1)      28(1)      -5(1)     -11(1)      -6(1)  
    C(7)     41(1)      31(1)      40(1)      -4(1)     -13(1)      -4(1)  
    C(8)     50(1)      42(1)      33(1)      -7(1)     -19(1)      -8(1)  
    C(9)     34(1)      38(1)      44(1)     -15(1)      -1(1)      -5(1)  
    C(10)    29(1)      27(1)      28(1)      -5(1)      -7(1)      -8(1)  
    O(1)     36(1)      57(1)      45(1)     -28(1)      -5(1)     -14(1)  
    O(2)     32(1)      49(1)      48(1)     -24(1)      -9(1)     -12(1)  
    _______________________________________________________________________  
  
          
         Table 5.  Hydrogen coordinates ( x 104) and isotropic  
         displacement parameters (Å2 x 103) for ERK3029.  
   
         ________________________________________________________________  
   
                         x             y             z           U(eq)  
         ________________________________________________________________  
   
          H(2)         3651          4928          6534          36  
          H(3A)        4865          7077          6960          45  
          H(3B)        5428          5776          8369          45  
          H(4A)        8079          5799          5680          46  
          H(4B)        8783          5135          7121          46  
          H(5)         9232          2432          5681          35  
          H(7A)        9281          -810          6706          58  
          H(7B)        8030         -1454          8248          58  
          H(7C)       10230          -977          7988          58  
          H(8A)        8801          1560          9436          62  
          H(8B)        6590          1041          9895          62  
          H(8C)        6669          3224          9271          62  
          H(9A)        1899          3166          8496          61  
          H(9B)        1525          5323          8732          61  
          H(9C)        3174          3551          9422          61  
          H(2A)        3462           825          5850          60  
         ________________________________________________________________  
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8.2 Data from the X-ray crystal structure of acid 132 
 
Structural Formula Chemical Formula 
 
    Cell Constants with Standard Deviations 
 
Molecular Weight Crystal Colour Crystal Size 
  
Molecules per Unit Cell Calculated Density 
 
Crystal System Space Group Reflections Used for Cell Param. 
 
Wavelength Monochromator/Filter 
 
Absorption Coefficient Method of Absorption Correction Absorption Correction 
 
Total No. of Reflections Collected  Data Measured No. of Independent Reflections 
 
Internal Consistency No. of Observed Reflections No. of Refined Parameters 
 
  Error of Fit 
 
Final Maximum Shift/Error Final Difference Fourier Enantiopol Parameter 
 
Isotropic Extinction Coefficient Remarks 
 
 C9H15ClO2 C8
Cl1
C9 C7
C2
C3
O2
C6
O1
C1
C5
C4
 
 
 a [Å] =     9.988(1) 
 b [Å] =    7.274(1) 
 c [Å] = 27.918(1) 
 α [°] =    90.00 
 β [°] =    91.43(1) 
 γ [°] =    90.00 
 V [Å3] = 2027.7(4) 
 T [°C] = RT 
0.35 x 0.25 x 0.03 mm Mr =  190.66 gmol-1 colourless 
Dcalcd = 1.249 gcm-3 F(000) =   816 e Z =  8 
CCD data collection C2/c                     (No. 15) monoclinic 
 graphite [(sinΘ)/λ]max = 0.60 Å-1 λ = 1.54178 Å 
HKL2000 min:   41.7 % max:   91.5 % μ =  30.25 cm-1 
  ± h      ± k      ± l 1792 11457 
1554 112 Rav =  0.049 
Rw2 =  0.151 1.065 R =  0.054 
ρ =  0.42 (-0.26) eÅ-3 0.000  
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      Table 1.  Crystal data and structure refinement for GOT3708.  
   
   
      Identification code               GOT3708  
   
      Empirical formula                 C9 H15 Cl O2     
      Formula weight                    190.66  
   
      Temperature                       293(2) K  
   
      Wavelength                        1.54178 Å  
   
      Crystal system, space group       monoclinic,  C2/c (No.15) 
   
      Unit cell dimensions              a =  9.988(1) Å     
                                        b =  7.274(1) Å    β = 91.43(1)°.  
                                        c = 27.918(2) Å     
   
      Volume                            2027.7(4) Å3  
   
      Z, Calculated density             8,  1.249 Mg/m3  
   
      Absorption coefficient            3.025 mm-1  
   
      F(000)                            816  
   
      Crystal size                      0.35 x 0.25 x 0.03 mm  
   
      Theta range for data collection   6.34 to 68.25°.  
   
      Limiting indices                  -11<=h<=12, -7<=k<=8, -33<=l<=33  
   
      Reflections collected / unique    11457 / 1792 [R(int) = 0.049]  
   
      Completeness to theta = 68.25     95.8 %  
   
      Absorption correction             Semi-empirical from equivalents  
   
      Max. and min. transmission        0.9147 and 0.4174  
   
      Refinement method                 Full-matrix least-squares on F2  
   
      Data / restraints / parameters    1792 / 0 / 112  
   
      Goodness-of-fit on F2             1.065  
   
      Final R indices [I>2σ(I)]         R1 = 0.0537, wR2 = 0.1513  
   
      R indices (all data)              R1 = 0.0600, wR2 = 0.1574  
   
      Largest diff. peak and hole       0.423 and -0.261 eÅ-3  
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         Table 2.  Atomic coordinates ( x 104) and equivalent isotropic  
         displacement parameters (Å2 x 103) for GOT3708.  
         U(eq) is defined as one third of the trace of the orthogonalized  
         Uij tensor.     
         ________________________________________________________________  
   
                         x             y             z           U(eq)  
         ________________________________________________________________  
   
          Cl(1)        6128(1)        581(1)       2975(1)       86(1)  
          O(1)         8192(2)       -971(3)       4652(1)       74(1)  
          O(2)         6059(2)      -1731(3)       4645(1)       77(1)  
          C(1)         6687(2)        602(3)       4112(1)       51(1)  
          C(2)         7806(2)        980(3)       3756(1)       48(1)  
          C(3)         7877(3)       3079(4)       3714(1)       74(1)  
          C(4)         7519(5)       3729(5)       4205(1)      106(1)  
          C(5)         6414(3)       2506(4)       4350(1)       81(1)  
          C(6)         7060(2)       -779(3)       4492(1)       50(1)  
          C(7)         7683(2)        -68(4)       3284(1)       54(1)  
          C(8)         7615(4)      -2152(4)       3367(1)       76(1)  
          C(9)         8811(3)        409(5)       2949(1)       81(1)  
         ________________________________________________________________  
  
 
           
          Table 3.  Bond lengths [Å]  and angles [°] for GOT3708.  
           _____________________________________________________________  
   
            Cl(1)-C(7)                    1.820(3)  
            O(1)-C(6)                     1.213(3)  
            O(2)-C(6)                     1.296(3)  
            C(1)-C(6)                     1.502(3)  
            C(1)-C(2)                     1.538(3)  
            C(1)-C(5)                     1.563(4)  
            C(2)-C(7)                     1.525(3)  
            C(2)-C(3)                     1.534(4)  
            C(3)-C(4)                     1.501(5)  
            C(4)-C(5)                     1.482(5)  
            C(7)-C(9)                     1.521(4)  
            C(7)-C(8)                     1.536(4)  
   
            C(6)-C(1)-C(2)                113.91(18)  
            C(6)-C(1)-C(5)                109.6(2)  
            C(2)-C(1)-C(5)                104.7(2)  
            C(7)-C(2)-C(3)                115.8(2)  
            C(7)-C(2)-C(1)                115.22(19)  
            C(3)-C(2)-C(1)                105.2(2)  
            C(4)-C(3)-C(2)                103.4(2)  
            C(5)-C(4)-C(3)                104.8(3)  
            C(4)-C(5)-C(1)                106.1(2)  
            O(1)-C(6)-O(2)                122.5(2)  
            O(1)-C(6)-C(1)                123.3(2)  
            O(2)-C(6)-C(1)                114.2(2)  
            C(9)-C(7)-C(2)                111.8(2)  
            C(9)-C(7)-C(8)                110.8(2)  
            C(2)-C(7)-C(8)                111.4(2)  
            C(9)-C(7)-Cl(1)               106.68(19)  
            C(2)-C(7)-Cl(1)               109.20(17)  
            C(8)-C(7)-Cl(1)               106.7(2)  
           _____________________________________________________________  
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    Table 4.  Anisotropic displacement parameters (Å2 x 103) for GOT3708.  
    The anisotropic displacement factor exponent takes the form:  
    -2 π2 [ h2 a*2 U11 + ... + 2 h k a* b* U12 ]     
    _______________________________________________________________________  
   
              U11        U22        U33        U23        U13        U12  
    _______________________________________________________________________  
   
    Cl(1)    79(1)     121(1)      56(1)      14(1)     -18(1)      -3(1)  
    O(1)     54(1)      98(2)      69(1)      38(1)      -2(1)       0(1)  
    O(2)     58(1)      97(2)      77(1)      41(1)       2(1)      -4(1)  
    C(1)     46(1)      63(2)      45(1)      10(1)       5(1)       7(1)  
    C(2)     48(1)      55(1)      43(1)       6(1)       2(1)       0(1)  
    C(3)     96(2)      57(2)      69(2)       5(1)       9(2)     -12(1)  
    C(4)    169(4)      64(2)      87(2)      -9(2)      25(3)      -5(2)  
    C(5)     99(2)      77(2)      66(2)       4(2)      17(2)      37(2)  
    C(6)     50(1)      58(1)      43(1)       7(1)       7(1)       4(1)  
    C(7)     59(1)      62(1)      43(1)       4(1)       4(1)       2(1)  
    C(8)    109(2)      55(2)      65(2)      -8(1)       9(2)       6(2)  
    C(9)     84(2)     105(2)      56(2)       5(2)      22(2)       5(2)  
    _______________________________________________________________________  
   
          
 
 
 
         Table 5.  Hydrogen coordinates ( x 104) and isotropic  
         displacement parameters (Å2 x 103) for GOT3708.  
   
         ________________________________________________________________  
   
                         x             y             z           U(eq)  
         ________________________________________________________________  
   
          H(2)         6321         -2425          4859         116  
          H(1A)        5880           188          3937          61  
          H(2A)        8646           582          3912          58  
          H(3A)        8771          3477          3634          89  
          H(3B)        7244          3532          3473          89  
          H(4A)        8279          3623          4426         128  
          H(4B)        7227          5001          4196         128  
          H(5A)        5557          2994          4238          97  
          H(5B)        6405          2389          4696          97  
          H(8A)        8405         -2548          3541         114  
          H(8B)        7558         -2775          3064         114  
          H(8C)        6838         -2437          3549         114  
          H(9A)        9653            54          3095         122  
          H(9B)        8812          1710          2891         122  
          H(9C)        8681          -234          2652         122  
         ________________________________________________________________  
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